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ABSTRACT 

There are many applications nowadays using the anchorage system and every 

application requires suitable anchor type or capacity that can sustain the design load. 

The normal sleeve anchor that can be found in the normal hardware shop is usually 

produced based on its dimension only. The specification of the anchor's capacity is 

not provided. This situation can cause danger if the application load is greater than 

the anchor's capacity can handle. On the other hand, if the normal sleeve anchor has 

the required capacity same as the custom-made anchor and expensive that can 
handle wide range of application, it will result in saving money and time in order to 

get the specially design anchor. In this paper, the tension capacity of a normal sleeve 

anchor with selected anchor diameters are obtained by pull-out test. The pull-out test 

is carried out using the Universal Tensile Machine (UTM) 1000kN in Universiti 

Teknologi Petronas's laboratory. The normal sleeve anchor is installed in the 

concrete specimen with average compressive strength of 30N/mm2. Only adhesive 
failure which is the friction failure between the anchor and the concrete is 

considered. The result has revealed that the tension capacity of a normal sleeve 

anchor can be obtained using pull-out test and similar to the theoretical values. 
Greater diameter of anchor provided greater contact surface between the anchor and 

the concrete, thus greater tensile strength. 
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CHAPTER I 

INTRODUCTION 

1.1 Background of Study 

Anchor embedment is a common technology that is widely used in civil engineering. 
Every application, ranging from hanging acoustical ceilings and installing window and 
door frames to performing seismic upgrades, requires the use of an anchoring product. 

There are many types of anchor that regularly have been used in concrete and masonry 

construction. The anchor types depend on how it is fasten in the concrete. Under the 

cast-in place installation method, the anchor types are threaded sleeves, channel bars, 

headed anchors and others. In post-installed installation method, for drill installation 

types of anchor are sleeve expansion anchors, undercut anchors, bonded anchors, 
bonded-expansion anchors, bonded-undercut anchors and screw anchors. While for 

direct installation type of anchor mostly is the power-actuated fasteners [11. 

The normal wall plug that will be experimented in this project as shown in figure 1.1 is 

the drill-in type of anchor and also known as the sleeve anchor. This normal sleeve 

anchor consist of threaded rod with nut, washer, spacer and expansion sleeve, thus, it 

falls under the category of torque-controlled expansion anchors and can be classified as 

sleeve-type anchor [1]. 
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Figure 1.1: Normal sleeve anchor 

There are three (3) load-transfer mechanisms as shown in figure 1.2 on how the 
fasteners transfer applied tension load to the base material. The mechanisms can be 

usually identified as mechanical interlock, friction interlock and bond interlock [I]. For 

expansion types of anchor, the load-transfer mechanism applied is due to friction 

interlock. 

"º ý 

b) Frietlon 

.. ý. º 
C) Ikoe 

rý 

Figure 1.2: Load transfer mechanism [1] 

1.2 Problem Statement 

The normal wall plug usually comes with two different types of material; the plastic 

threaded type and the sleeve expansion type. 

Currently, the normal wall plug especially the sleeve anchor type that available in the 

hardware shop did not come with its technical data specifications. It is produced for 

user based on its dimension only while the information on its specification such as 
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maximum load capacity is not provided. Different size in dimension of the anchor may 

provide different handling capacity of loads. 

Normally, for higher load applications will require the user to spend a lot of money to 

get the specific anchor system that can sustain the loads of the application. In contrast to 

that, the user maybe need to spend less money if the capacity of a normal sleeve anchor 
is known and its loads capacity meet the requirement for the higher loads application. 

Moreover, since there is no test or quality check done on the normal sleeve anchor to 
determine its load capacity after it is being produced, the quality of the anchor of each 
batch produced might be different with each other. The inappropriate use of the normal 
sleeve anchor can cause danger to the intended use of application as if the load applied 
is greater than the anchor capacity can handle. 

Thus, the project is carried out to determine the capacity of a normal sleeve anchor 

which to come out with the experimental setup and to carry out the experimental work 
in determining the capacity of the anchor. 

1.3 Objective 

The objective of the project is to determine the capacity of a normal sleeve anchor in 

terms of its tensile strength. To be more specific, the purpose is to determine the 

maximum tension loading for different sizes of normal sleeve anchor in concrete. 
However, there are many parameters to be considered in this project. The parameters 

may provide more results for the project and it will be explain in Section 1.4. 
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1.4 Scope of Study 

The scope of this project is limited to the experiment that is conducted in UTP 

Laboratory. The only available testing machine in the lab to determine the tensile 

strength that meets the requirement of the project is the Universal Tensile Machine 

(UTM). 

The sizes of 8mm, 10mm, 12mm and 16mm anchor diameter are tested in this 

experiment. Each anchor is plugged into the same size of concrete sample to get the 

tensile capacity between different sizes of anchor. 

The type of loading failure that is considered into account of the project result is only 

the adhesive failure mode. This includes the friction failed at the contact surface 
between the anchor and the concrete surface. 

The dimension of 140mm x l40mm x 550mm concrete is casted to meet the standard 

requirement for anchor installation purpose and to suit the requirement size at the 

tensile machine for testing. 
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CHAPTER 2 

LITERATURE REVIEW 

There are many publications available that related to the project. Only relevant 

publications have been selected to be reviewed and summarized. The literature review 
has been separated into two parts; the first part consider the previous experiments or 

method done to determine the tensile capacity of anchor; and the second part describes 

the failure mechanisms of anchor in hardened concrete. 

2.1 Tensile Capacity of Anchor 

2.1.1 Direct Tension Pull-out Bond Test 

An experimental study known as Direct Tension Pullout Bond Test (DTP-BT) has 

carried out by Tastani to measure the lower bound bond properties of steel and Glass 

Fiber Reinforced Polymer (GFRP) bars fixed in normal strength concrete [2]. As 

shown in Figure 2.1, Tastani (2002) says that the "frictional concept" was apply to 

explain the stress transfer between steel and concrete; whereby the bond stress is the 

term used for shear stress that occurs along the lateral surface of the bar, is basically a 
function of the normal confining pressure take up by the concrete surrounding the bar 

surface [2]. The aims of the alternative bond test are to measure the low bound of bond 

strength that suitable for both steel and GFRP reinforcement that may be subjected from 

the concrete cover (while the effects of bar curvature are not present). In conclusion, the 

reason of this DTP-BT test is proposed because based on the test conducted, the most 
unpleasant conditions for bond is when the concrete cover is under a direct tension 
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stress field, also known as yield bond conditions that differ insignificantly to those 

resulted by other established bond test [2]. 

Qýt 111111 
-ý -. --. -. fb 
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da 

Figure 2.1: Frictional model for bond: fb=µ. ß1e1 [2] 

2.1.2 Effects of Various Types of Cracks to the Anchorage Capacity 

An actual model of tests was conducted by Jang, Suh and Lee to come out with the 

model showing the effect of the various types of cracks [3]. The outcome of the test was 

then applied in the evaluating the anchorage capacity of equipment for seismic 

qualification. The test was done according to the Standard Test Methods for Strength of 
Anchors in Concrete and Masonry Elements in the ASTM E488 [8]. The crack width, 

crack depth, the distance between crack and anchor, and crack pattern was selected as 
the test variables in the experiment. Result of load-displacement curve from concrete 
breakout failure test as shown in figure 2.2a-c; for load-displacement curve for non- 

cracked test and cracked test, it is shown that the curve after the maximum concrete 
breakout strength of the non-cracked test results produced a slightly inclination 

compared to the cracked test results that are more steep declining inclination [3]. 
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Figure 2.2a: Load-displacement curve of concrete breakout failure [31 
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Figure 2.2b: Load-displacement curve for non-cracked test [3] 
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Figure 2.2c: Load-displacement curve for crack test [3] 
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At the end of the tests, it is concluded that crack width that was taken as design criteria 
which was necessary to modify with the test results, was less important compare to that 
the distance from anchor to crack and the crack depth [3]. 

2.1.3 Numerical Modeling of the Dynamic Pull-out Failure Loads 

Since experimental pull-out tests is difficult to be conducted and uneconomic; Walter, 

Baillet and Brunet have come out with the idea of modeling that aimed to predict 

numerically the mechanical response of the anchors embedded in concrete using the 
finite elements program, PLAST2, that is based on a dynamic explicit method [4]. The 

PLAST2 program includes a pre-processor, a solution program and an efficient post- 

processor that can be interactively controlled and simulates in several levels of real time 

graphics [4]. Numerical results of the program was computed in the Table 2-la and 
Table 2.1 b for different types of anchorage which are named Al that have a diameter 

and a length smaller than named A2 in order to cover the range of various set of anchor 
in the industry. It was concluded that the dynamic and quasi-static load carrying 

capacity of anchors rely more significantly on the material and the contact friction 

behavior compared to the tensile strength and toughness of the concrete [4]. 

Table2. la: Pull-out failure loads F of the anchor Al for both types of concrete with 
different values of the friction coefficient, pc [4] 

µdc 0.1 0.2 0.3 0.35 0.4 experi- 
mental F (N) 

"weak" 10331 10800 14900 13600 11110 17483 
Concrete 
F (N) 
"Still" 

concre=te 
17960 21500 21640 22500 23350 24800 
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Table 2.1 b: Pull-out failure loads F of the anchor A2 for both types of concrete with 
different values of the friction coefficient, pac [4] 

µC/C 0.1 0.2 0.3 0.3 5 0.4 experi- 
mental 

F (N) 
"weak" 24523 30790 36260 41110 37400 49450 

concrete 
F (N) 
"stiff 43470 52410 61670 67420 82630 70000 

concrete 

2.1.4 Artificial Neural Networks (ANNs) 

Many design parameters should be considered in determining the tensile strength of an 

anchor. Conventional product-specific and condition-specific testing are mostly done 

for determining the tensile capacity of such type of anchors due to its complexity in 

developing rational models [5]. Sherief and Ashraf have attempted to use the Artificial 

Neural Networks (ANNs) method to predict the tensile strength of single adhesive 

anchors [5]. As shown in the Figure 2.3a, the trained ANN results that the tensile 

capacity of adhesive anchors was linearly proportional to the embedment depth. The 

tensile capacity of adhesive anchors was reliant on the effect of the concrete 

compressive strength [5]. Figure 2.3b show that the ANN model was capable of 

predicting the tensile capacity of adhesive anchors. 
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Figure 2.3a: Effect of the anchor bolt type and the embedment length on the predicted 

ultimate tensile capacity [5] 
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Figure 2.3b: Comparison of experimental and predicted ultimate tensile capacities for 

the ANN testing data set [5] 
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2.1.5 Friction Coefficient of Steel and Concrete 

An experiment has been carried out by Rabbat and Russell to determine the coefficient 

of static friction between rolled steel plate and cast-in-place concrete or grout [6]. In 

this experiment, the boundary between concrete and steel plate was tested with wet and 
dry conditions. The results of the bond strength and the coefficient of friction are shown 
in Table 2.2. 

Table 2.2: Bond Strength and Coefficient of Friction [6] 

Bond 
sten th Shear Stress, g . In pounds 

k Pounds per Coefficient of FrkWon 

per square Square Inch Average of Average of 
Specimen Inch Peak Effective Peak each set Effective each ON 

(1) (2) (3) (4) (5) (8) (7) (8) 

CWA-1 52.8 62.0 62.0 0.62 0.64 0.62 0.64 
CWA-2 48.6 63.5 63.5 0.63 0.63 
CWA-3 51.4 68.0 67.8 0.68 0.68 
CWB-1 55.0 42.0 40.7 0.70 0.68 0.68 0.65 
CWB-2 25.0 40.4 39.6 0.67 0.66. 
CWB-3 89.0 40.5 36.1 0.68 0.60 
CWC-1 61.2 13.8 12.8 0.69 0.70 0.64 0.67 
CWC-2 83.6 14.2 14.0 0.71 0.70 
CWC-3 78.4 13.9 13.5 0.69 0.67 
CDB-1 67.3 40.5 33.7 0.68 0.69 0.56 0.57 
CDB-2 53.0 46.2 35.0 0.77 0.58 
CDB-3 58.2 36.9 34.0 0.62 0.57 
GWB-1 8.0 41.2 41.2 0.69 0.68 0.69 0.68 
GWB-2 - 40.9 40.9 0.68 0.68 
GWB-3 - 40.0 40.0 0.67 0.67 

Note: 1 psi = 6.895 kPa. 

It was concluded that the bond strength for concrete specimens varied between 

0.17MPa and 0.61 MPa. The average effective coefficients of static friction were 0.57 

and 0.69 for concrete specimens with dry interface and a normal stress of 0.41 MPa [6]. 
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2.2 Failure Mechanisms of Anchor in Hardened Concrete 

Tensile failure modes has been explained by Matthew in his paper to design the 

capacity of the grouted anchor, the tensile strength and nominal strength for a single 

anchor can be determine based on the Equation (]a) to Equation (8b) as shown in the 
Appendix-A [7]. Table 2.3 shows the values for coefficient to calculate the 

characteristic bond strength in Equation (4) in Appendix-A. The testing method is based 

on performance in ASTM E488 tests. Figure 2.4 below show the typical tension failure 

modes for grouted anchors. 

Steel Adhesive Plug Concrete 
Breakout 

Figure 2.4: Typical tension failure modes for grouted anchors [71 
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CHAPTER 3 

METHODOLOGY 

3.1 Project Flow Chart 

The project was divided into seven phases. This was to ensure the project flow is 

smooth and accomplished in the frame time. Figure 3.1 below was the activities flow 

chart for this project. 
Data Collection & Literature Review 

Experimental Setup 

Pre are form-work for concrete 

Mix concrete, slump test, and curing 

Anchor I stallation 

Pull-out Test 

Analyze result & conclusion 

Figure 3.1: Flow chart of project 

3.1.1 Data Collection and Literature Review 

In the first phase, information related to the project were gathered such as journals, 

articles, websites, reference books, and thesis to get an overview and better 

understanding on the project scope. 
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3.1.2 Experimental Setup 

Experimental setup for the project was prepared in terms of its test objective, theories, 

test apparatus, and test procedures. The potential hazards were also included in this 

experimental setup so that preventive actions are prepared. 

3.1.3 Preparation of Form-work for Concrete 

Before concrete was casted, form-work was prepared according to the intended size of 

concrete required for the testing purpose. To meet installation standard of the anchor 
and the required dimension that can suit the tensile machine, 140mm x 140mm x 
550mm dimension of concrete form-work was prepared using ply wood and timber. 

3.1.4 Concrete Sample Preparation 

Preparation of concrete sample involved designing concrete mix proportion, mixing, 

casting and curing. All the procedures of preparing the concrete were based on the Mix 

Design provided by the UTP concrete lab as per attach in the Appendix-B. Each batch 

of mix consist of two (2) concrete specimens with dimension 140mm X 140mm X 

550mm each as shown in figure 3.2 and six (6) test cubes with dimension of 150mm X 

150mm X 150mm each. 

zfý 
550mm height 

Vi' 
\( 140mm length 

140mm width 

Figure 3.2: Typical dimension of concrete specimen 
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Three (3) cubes were tested after seven (7) days and the remaining three (3) after 28 

days of curing respectively. The result of the concrete compressive test was computed 

as shown in Appendix-C. 

3.1.5 Anchor Installation 

The concrete was drilled using automatic driller machine. The drill bit size used was 

same as the anchor diameters which were 8mm, 10mm, 12mm and 16mm. The position 

of the anchor in concrete was as shown in figure 3.3 where the anchor was installed at 
the center of the concrete with surface area of 140mm x 140mm. 

70mm 

70mm 

Figure 3.3: Position of the anchor in the concrete specimen 

The installation procedure follows the method as shown in figure 3.4 where after the 

concrete was drilled, the concrete dust was removed using vacuum. Then the anchor 

was plugged into the drilled hole and torque was applied to the anchor nut to tighten the 

anchor. 

Figure 3.4: Procedure of installing anchor [1] 
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3.1.6 Pull-out Test 

Pull-out test was carried out using the Universal Tensile Machine (UTM) as shown in 

figure 3.5, that available in the laboratory that suit the standard requirement for testing 

to determine the tensile capacity of the normal sleeve expansion anchor. The head 

adapter was custom made to pull-out the anchor from the concrete as shown in figure 

3.6. The result were analyzed and compared with the theoretical values. 

Figure 3.5: Experimental setup using UTM 

Figure 3.6: Custom made head adapter to pull-out anchor from concrete 

The proposed testing method was accordance to the standards provided in ASTME 

E488 - 96(2003) Standard Test Methods for Strength of Anchors in Concrete and 
Masonry Elements [8] in Appendix-D; and ASTM C900 - 01 Standard Test Method for 

Pullout Strength of Hardened Concrete [9] which shown in the Appendix-E. 
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3.1.7 Final Report 

The pull-out test result were analyzed and concluded at the end of the project. Complete 

report about the project including test results, discussion and conclusion was 
documented and presented at the end of the project schedule. 
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CHAPTER 4 

RESULT AND DISCUSSION 

4.1 Pull-out Test Result 

The type of failure that was considered in this test was the adhesive failure mode which 

the friction failure between the anchor and the concrete. The pull-out fail value was 

taken once the anchor starts slipping from the concrete as shown in figure 4.1. 

(ii) 

Figure 4.1: Condition of anchor (i) before pull-out (ii) after pull-out 

Three (3) tests was carried out for each diameter of anchor and pull-out value for each 

anchor was represented in the graph as shown in figure 4.2a and figure 4.2b. 
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Load vs Displacement for 10mm Normal anchor 
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Figure 4.2a: Load-displacement curve for (i) 8mm (ii) 10mm anchor 
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Load vs Displacement for 12mm Normal anchor 
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Figure 4.2b: Load-displacement curve for (iii) 12mm (iv) 16mm anchor 
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The highest peak of each graph show the ultimate strength of the anchor in concrete 

which the maximum tension loading the anchor can withstand when subjected to pull- 

out load. The pull-out test result and the average value was obtained as shown in Table 

4.1: 

Table 4.1: Pull-out test result 

Normal Anchor Diameter 

(mm) 

Pull-out failure load (kN) Average (kN) 

5.6 
8mm 5.5 5.5 

5.5 

9.0 
10mm 9.3 8.7 

7.7 

10.2 

12mm 11.5 11.5 

12.7 

31.7 

16mm 27.2 29.6 

29.9 
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4.2 Theoretical Result 

The computed theoretical results are presented in Table 4.2: 

Table 4.2: Theoretical result 

Anchor De (mm) L (mm) Lý (mm) fc (N/mm) Friction 

Coefficient, µ 

Max. Pull-out 

Load (kN) 

1. 8 50 17 30 0.35 4.5 

2. 10 68 27 30 0.35 8.9 

3. 12 75 27 30 0.35 10.7 

4. 16 100 38 30 0.35 20.1 

Where De is the effective depth 

L is the anchor length 

L. is the effective length 

ff is the concrete compressive strength 

4.3 Calculation of Theoretical Value 

The calculation for the theoretical values was based on the BS 8110-1: 1997 Section 

3.12.8.2 Anchorage Bond Stress [10]: 

fb=F, /frD, Le (1) 

Where fb is the bond stress 
F, is the force in the bar or maximum pull-out loading 

De is the effective bar size (anchor diameter) 

Le is the anchorage effective length 
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While according to the `frictional concept' applied by Tastani previously [2], the bond 

stress, fb: 

fb =µ. (Flat 

Where µ is the friction coefficient 

Glat is the lateral compressive stress 

(2) 

The friction coefficient between elements, µ, was referred to guidance from BS EN 

12812: 2004, Falsework- Performance Requirements and General Design, Informative 

Annex A[ 11 ] where the friction between steel and concrete element provided maximum 
is 0.4 and minimum is 0.3. 

By taking the average value 0.35 of the friction coefficient into equation (2), the bond 

stress produced for each concrete with compressive strength 30 N/mm: 

fb= 0.35 (30 N/mm) 

fb= 10.5 N/mm 

By arranging the equation (1) into: 

F. = fb (xD, L, ) (3) 

Then value of fb = 10.5 N/mm is applied into the equation (3) for each anchor diameter 

and its effective length: 

a) 8mm diameter / 17mm effective length 

FS = (10.5 N/mm) (a x 8mm x 17mm) 

Fs=4486N=4.5kN 

b) 10mm diameter/ 27mm effective length 

FS = (10.5 N/mm) (it x 10mm x 27mm) 

FS = 8906 Nz8.9kN 
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c) 12mm diameter / 27mm effective length 

FS = (10.5 N/mm) (it x 12mm x 27mm) 

Fs=10,688Nz, 10.7kN 

d) 16mm diameter / 38mm effective length 

FS = (10.5 N/mm) (it x l6mm x 38mm) 

Fs = 20,056 N 20.1 kN 

4.4 Comparison between Theoretical Result and Experimental Result 

As shown above, the maximum pull-out fail load for 8mm anchor theoretically 

calculated was 4.5 kN while the experimental result for 8mm anchor produced 5.5 kN 

which 18% higher than the theoretical value. For 10mm anchor, the theoretical value 

showed 8.9 kN for the maximum pull-out fail load which about 2% higher than the 

experimental result that produced 8.7 kN. The experimental result for 12mm anchor was 
11.5 kN while the theoretical value calculated was 10.7 kN which about 7% higher than 

the experimental result. For 16mm anchor, the experimental result produced 29.6 kN of 

maximum pull-out fail load which higher than the theoretical value that was 20.1 kN, 

and the percentage difference was about 32%. The comparison between the theoretical 

value and the experimental result was summarized as shown in Table 4.3. 

Table 4.3: Percentage difference between theoretical and experimental result 

Maximum Pull-out Load (kN) 

Theoretical Value Experimental Result Percentage Difference (%) 

4.5 5.5 18 

8.9 8.7 2 

10.7 11.5 7 

20.1 29.6 32 
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4.5 Discussion 

From the graph shown in figure 4.2, there were slightly different between the readings 

of each anchor test where some of the anchor reached it pull-out failure at longer time 

than the other. This was maybe due to the some of the anchor was installed in different 

batch of concrete mix thus might provides different bonding force between the anchor 

and the concrete surface. 

The working load for each size of the tested anchor was determined by dividing the 

strength of the anchor with the safety coefficient. The working load for each size of 

anchor was shown in Table 4.4. The value of 3.0 for safety coefficient was considered 
for the tested anchor because the selected value was in the range value of standard 

safety coefficient for less tried material under average conditions of environment, load 

and stress [ 121. 

Table 4.4: Application load for tested anchor 
Normal anchor 
diameter (mm) 

Anchor tensile 

strength (kN) 

Safety coefficient Application load 

(kN) 

8 5.5 3.0 1.8 

10 8.7 3.0 2.9 

12 11.5 3.0 3.8 

16 29.6 3.0 9.9 

The pull-out test result was then compared with the testing result provided by the 

supplier from other similar type of anchor produce in the market as shown in Table 4.5. 

From the both pull-out test result and available test result provided by supplier in the 

market, it was found that the tensile strength of the normal sleeve expansion anchor was 
not much different with the tensile strength of branded anchor. 
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The slight different in the tensile strength value was due to the safety coefficient applied 
by the supplier was higher than the value used by the author. The supplier of the 

available anchor applied average safety coefficient of 4.0 to 5.0. Higher safety 

coefficient provides high safety precaution for intended application and provide more 

confident for the user. 

Table 4.5: Testing result from similar type of anchor [ 13] 

Anchor size (inch) 1/4" 5/16" 3/8" 1/2" 

Drill bit diameter 
8 10 12 16 

(mm) 

Anchor length 
50 68 75 100 

(mm) 

Max tightening 
8-10 20-25 40-50 90-100 

torque (Nm) 

Application load 
2.0 3.3 4.5 7.1 

(kN) 

Applied safety 
4.5 4.5 4.5 4.5 

coefficient 
Anchor tensile 

9 14.85 20.25 31.95 
strength (kN) 

Other parameters that might affect the different reading of the anchor tensile strength 

were the effective diameter and length of the anchor. Effective length of the anchor was 

the length of the anchor surface directly that makes a contact with the concrete surface 

as the anchor tighten into the concrete. The effective length depends on the torque 

applied to the anchor nut during the tightening process. The effective diameter and 
length of the anchor are proportionally linear to the anchor's tensile strength (maximum 

pull-out loading), where greater diameter and effective length provide greater surface 

area of anchor bonded with concrete surface, thus as the effective diameter and length 
increase, the tensile strength increase. 
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Moreover, the friction coefficient that been taken into account when calculating the 

theoretical value also might be the parameter that leads to slightly different reading with 
the pull-out test result. The friction coefficient depends on the condition of the material 

surface where rougher surface gives higher friction coefficient. Higher concrete grade 

normally required greater interlock between the aggregates. The different type of 

aggregates in the concrete provides rough surface that created the interlock between the 

concrete and the anchor sleeve. The friction coefficient was also linearly proportional 

with the anchor tensile strength where as higher friction between the anchor and the 

concrete surface, higher pull-out load was required. 

Another parameter that might effects the experimental result was the embedded 

anchor's length. Besides the effective length of the anchor that create the interlock 

between the anchor and the concrete aggregate, the embedded length of anchor may 

also provides friction between the anchor and the concrete surface. Greater contact of 
the anchor' surface with the concrete provides higher friction thus could result in higher 

pull-out capacity. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

The tension capacity of normal sleeve anchor by pull-out test using the Universal 

Testing Machine (UTM) l000kN was the first time carried out in this paper. The 

capacity of the anchor was determined in term of its tensile strength, which the friction 

failure between the anchor and the concrete surface. From the result, it is concluded that 

the larger diameter and effective length of anchor provide greater tensile capacity. The 

material used for producing the anchor might affect the tensile capacity. Due to that a 

consideration should be given by providing suitable safety coefficient for the working 
load. As the tensile strength of the normal sleeve anchor can be determine and known, 

provided with safety precaution measured in designing the application load, the normal 

sleeve anchor can now be widely used in the engineering or construction industry. 

5.2 Recommendation 

Since the normal sleeve anchor was proven to be quite reliable in term of its tension 

strength compared to the some branded and expensive anchor found in the market, other 
test are recommended to be done in determining the shear strength, both shear and 
tensile strength of the anchor in concrete to provide more specification of the anchor 

product. Other type of failure mode such as steel failure mode also can be considered to 
know the strength of the anchor's material before the anchor can be promoted to be 

widely applied in the engineering world. 
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5.3 Lesson Learned 

Throughout the project, there were many problems occurs that has delayed the progress 

of the project schedule as shown in Appendix-F. Some of the problems were: 
i. The available concrete mould in the UTP laboratory was not meeting the required 

dimension for testing, thus form-work made of ply wood was used to create the 

required mould. 
ii. Availability of smaller concrete mixer has somehow delayed the progress which 

caused more mixes was done to cast the mould. 
iii. Malfunctioning of the Universal Testing Machine occurred at scheduled time for 

testing. It took almost three (3) months before the rectification work was done and 

ready to be used again. 

From the problems stated above, the lesson learned was that it is important to start the 

project as soon as possible as if there is any problem occurs, more time are available to 

tackle the problem. In addition to that, backup plan for each activities and quick action 
in Finding alternative solutions for any problem also important to minimize the effect of 

the problem to the overall project's progress. 
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CHAPTER 6 

ECONOMIC BENEFITS 

6.1 Project or Research Cost 

The overall project in determining the tension capacity of a normal sleeve anchor costed 

about RM217.50. The overall expenditure included the cost of the normal sleeve 

anchors as the testing subject, the cost of cement as one of the ingredient for concrete 

specimens, the cost of nails for form-work, the drilling bits to drill the concrete for 

installation of the anchor; and the charge for cut and weld the head adapter that fits to 

the pull-out testing machine. While, some others that not included in the overall cost 

like sand, aggregates, ply wood, timbers, the drill machine and the testing machine 
because all are provided in the laboratory and some are from recycled items. 

6.2 Economic Value 

On the business clement or others that relevant in term of economic values, from this 

project, the tension capacity of a normal sleeve anchor was determined to be compared 

with the capacity of the branded and expensive anchor. The normal sleeve anchor can 
be found in the normal hardware shop is very cheap compared to the custom made 

anchor and other trusted brand anchor that has the same application of the tested anchor 
in this project which can be more than 30% cheaper. Even with cheaper price, the 

tension capacity of the normal sleeve anchor still has the required capability for its 

normal application that may use other types of anchorage system. 
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On the safety aspect, the important of knowing the capacity of the normal sleeve anchor 
is a must to ensure the safety of the users. Every application should use the suitable 

anchor capacity to support the intended load. It can cause danger and there is a 

possibility of damages to the intended application if the load applied is greater than the 

anchor capacity can handle. As if damages occur due to unsuitable application of the 

normal sleeve anchor, thus the cost of repair work might be unbearable as the impact of 

the failure might involve the environmental damages and hazard to human life. 
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Fastener Steel Strength 

N, =fyA, 

Ns = fw Ar 

(la) 

(lb) 

Where: 
fy = the reinforcing steel yield strength, MPa 
fUi= the steel fracture strength (not exceed 1.9fy or 862 MPa) 
Ae the effective cross-sectional area of the steel fastener, mm2 

Adhesive Bond Strength 

Na = rdýýl 

Nn, 
a ' VNgVf NrwNcrNo 

(2a) 

(2b) 

Where: 
N,, = basic adhesive bond strength to steel, N 
N�R nominal adhesive bond strength to steel, N 

Plug Bond Strength 

Nn =tnrdohr/ 

N,,.,, =W NgW NeW NcrNv 

(3a) 

(3b) 

Where: 
N,, = basic plug bond strength to steel, N 
N,,,,, =nominal plug bond strength to steel, N 



Characteristic Bond Strength 

r= r(I -- iiC. DY. ) 
(4) 

Table 2.3: Coefficients for calculating the characteristic bond strength 
Number of tests k 

3 5.311 
4 3.957 
5 3.400 
6 3.092 
10 2.568 
15 2.329 
20 2.208 

Concrete Breakout Strength 

Nr =12.5 f, hj (when hq < 280 mm) 

N, = 4.75 fh7 (when 290: 9 by5 635 mm) 

Nn 
c= WNgif NCW NcrNc 

(5a) 

(5b) 

(5c) 

Where: 
f 'c= specified concrete compressive strength, MPa 
het effective embedment depth, mm 
Nc= basic breakout strength, N 
N,,, c= nominal concrete breakout strength, N 



Anchor Head Bearing Strength 

N, b =11 A,, f, 

N,,, h =W Nn Nb 

(6a) 

(6b) 

Where: 
Ab= anchor head bearing area, mm` 
Nb= basic anchor head bearing strength, N 
N,,, b= nominal anchor head bearing strength, N 

NOTE: When using plates or washers to increase Ab the diameter of the bearing area is 
increased by no more than twice the thickness of the plate or washer. 

Side-face Blowout Strength 

Nth =13.3c Ab (when c<0.4 6f, ) 

N, d, g = 
ý1 

+ 
6c )Nb 

(when c< 0.4 hf) 

(7a) 

(7b) 

Where: 
Ab= anchor head bearing area, mm2 
f specified concrete compressive strength, MPa 
Nsb= side-face blowout strength of a single anchor, N 
Nsbg side-face blowout strength of a group, N 
SO= spacing between outer most fasteners along an edge in the 
group, mm 

Design Strength Equations for Fasteners Loaded in Tension 

9w� = (unheaded fastener) 
(8a) 

4ý1º� =m in(¢ 
ý 
N: ; ý,,. 

d ý ýý 
ý; 

ýý s; ý.. a ) (headed fastener) 
(8b) 
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Part two The mix design process 

5 -Flow chart of procedures obtained from line B. The margin can then be derived from 
calculation Cl: 

M=kxs 
The manner in which this method links the various factors 
involved in the process of designing a mix is shown as a flow 

chaxtin Figure 2- Also a suitable mix design form for recording 
the values derived is shown in Table 1*. It will be seen from the 
flow chart that initial information is divided into two categories: 

a) Specified variables, the values of which are usually 
nominated in specifications, and 

b) AdditiQ. nal information, which is normally available to 
the producer of the concrete. 

This initial information is used in conjunction with reference 
iata, which appear in the form of figures or tables in this 
publication, to evaluate a number of'derived values' which 
are also subdivided into two categories: 

a) The mix parameters, several of which form an intermediate 

step to the derivation of the second category, and 
b) The final unit proportions, which are defined in terms of 

weights of materials required to produce I cubic metre of 
compacted concrete, expressed to the nearest 5 kg. 

In order to clarify the sequence of operation, and for ease of 
reference, the flow process is divided into five stages. Each of 
these stages deals with a particular aspect of the design and ends 
%yith an important mix parameter or final unit proportions. 

Stage 1 deals with strength leading to the free-water/cement 
ratio 

Stffgc 2 deals with workability leading to the free-water content 
Stage 3 combines the results of Stages I and 2 to give the cement 

content 
Stage 4 deals with the determination of the total aggregate 

content 
Stage 5 deals with the selection of the fine and coarse aggregate 

contents. 

The mix design form shown in Table 1 is sub-divided into the 
same five stages and the separate item numbers correspond 
with the relevant boxes of the flow chart in Figure 2. 

5.1 Selection of target water/cement ratio (Stage 1) 

If previous information concerning the variability of strength 
tests comprises less than 40 resuits the standard deviation to 
be adopted should be that obtained from line A in Figure 3. 
If previous information is available consisting of 40 or more 
results, the standard deviation of such results may be used 
provided that this value is not less than the appropriate value 

"Thc form is also prin; cd at the cad ol'tnis publication for case of 
trmov-1l and subscquc: rt use. 

whcrc M= the margin 
k =a value appropriate to the'percentage defectives 

permitted below the characteristic strength 
(see Paragraph 4.4) 

s =the standard deviation. 

Calculation C2detcrmines the target mean strength (expresse 

to two significant figures): 

im=f+M 

where fm = the target mean strength 
fc = the specified characteristic strength 
M= the margin. 

i 
... < 

Next, a value is obtained from Table 2 for the strength of a 
mix made with a free-water/cement ratio of 0-5 according to th 
specified age, the type of cement and the aggregate to be used. 
This strength value is then plotted on Figure 4 and a curve is 
drawn from this point and parallel to the printed curves until 
it intercepts a horizontal line passing through the ordinate 
representing the target'mean strength. The corresponding 
value for the free-watei/cement ratio can then be read from the 
abscissa. This should be compared with any maximum 
free-water/cement ratio that may be specified and the lower 

of these two values used. 

5.2 Selection of free-water content (Stage 2) 

Stage 2 consists simply of determining the fret-water content 
from Table 3 depending upon the type and maximum size of 
the aggregate to give a concrete of the specified slump or V-B 
time. 

5.3 Determination of cement content (Stage 3) 

The cement content is determined from calculation C3: 

Cement content = 
fret-water content 

free-water/ccment ratio 
C3 

The resulting value should be checked against any maximum 
or minimum value that may be specified. If the calculated 
cement content froth C3 is below a specified minimum, this 
minimum value must be adopted. As a result, either the 
free-water/cement ratio of the mix may be less than that 
determined in Stage t or the free-water content may be 
greater than that determined in Stage 2. This will result in a 
concrete that has a mean strength somewhat higher than the 
target mean strength, or a workability somewhat higher than 
that initially chosen, depending on the choice made. 



Conc ztc mix dcslgn ronn 

Reference or i Stage item calculation 

aý ýý 

1 1.1 Cttaractcristic strcngth Specificd --- 3 N/nim'. at days 

LProportion defective 

I I 

1.2 Standard deviation Fig 3 N/mm' or no data N/mm' 

1.3 Margin cl (k x N/mm' 

1.4 Targct mean strength C2 +_ N/ : 

1.5 Cement type Specified OPC/SRPC/RHPC 

1.6 Aggregate type: coarse 
Aggregate type: fine "^ _` ý'_"' 

1.7 Frcc-water/cement ratio Table 2, Fig 4 Use the lower value 

1.8 Maximum free-rvater/cemcnt ratio Specified 

2.1 Slump or V-B Specified slump mm or V-B s 

2.2 Maximum aggregate size specified [TIM 

2.3 Frcc-watcr content Table 3 kg/m' 

3 3.1 C_crncnt contcnt 

3.2 Maximum cement rontent 

3.3 Mininiunt cement content 
ý 
ý 
c .i 
i 
I 

4 

3.4 Modified free-water/cement ratio 

4.1 Relative density of aggregate (SSD) 

4.2 Concrete density 

4.3 Total aggregate content 

5 5.1 Grading of fine aggregate US 882 Zone 

5.2 Proportion of fine aggregate Fig 6 percent 

5.3 Fine aggregate content x 18 ?7=63'' $R kg/m' 
CS 

5.4 Coarse aggregate content 1iXv=tigL45 kg/m' 

[ icros in italics arc optional lintiiing values that may be specified. 

Values 

6 /IV 1 
11 '7p 

AF 

ccificd. s'" 

-1 ) 

I Nlmm' z1t. 1ý1/m' =I MI': i. 
OPC =- ordinary Portland ccmcni ; SIPC = sulphätc -resisting Portland ccmcnt; R HPC - rapid-hardcning Portland ccmcnt. 
JZclalivc density -- spcciric gravity. 

4 

SSD based on a'saturatcd surfacc-drv hack 

Quantities 

L3 -- kg/m3 

Speci/i rd k g/rn' 

Specified kg/m' - Use if greater than Item 3.1 
and calculate Ilem 3.4 

known/assumed 

Fig 5 :ý» IC- 

per cent 

. 
kg/m' 

C4 _X1 1 cr -"", -, =15= kg/m" 

Cement Water Fine aggregate Coarse aggregatc 
(kg) (kg or 1) (kg) (kg) 

per m3 (to nearest S kg) 3K r' 

per trial mix of _' 
° ý' m' 1 s. °I G a1I, 
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timLmm') of concrete 
mixes made with a free-water/cement ratio 6f; 6 

Type of 
Type of coarse 

, 

cement aggregate 37 28 91 

Ordinary 
Portland 
(OPC) 
or 
sulphatc- 
resisting 
Portland 
(SR PC) 

Rapid` 
hardening 
Pnrflnnd 

Uncrushai 

Crushcd 

is 27 40 48 

Uncnishcd 

(ftHPC) 
Crushed 30 

(1, i,, ) 

33 55 

34 46 53 

40 53 60 

I N/mm' -I" MN/m' -I MPa (sce Cootno(c on page 8). 

Table 3 Approximate free-water contents (kg/m') required to 
give various levels of workability 

Slump (mm) 0-10 10-30 30-60 
(s) 

6- 180 
V-ß >l2 6-12 3-6 

0- 

Maximum Type of 
size of aggregate 
aggregate (mm) 

10 

ý 
40 

Uncrushed 150 ISO 205 22.5 

Crusher! 180 205 230 250 

,- --- -- I 
( Uncrushcdý 135 160 180 
1('ruehýrl I 

Compressive strengths (N/mm') 

Age (days) 

23 

25 

170 190 210 

195 

225 

Uncrushed 115 140 160 175 

Crushed 155 175 190 205 

Note: When coarse and line aggregates of dilTcrcnt types are used, 
the free-water content is estimated by the expression 

M+I We 

where WI = free-water content appropriate to type of fine aggregate 
and We = free-water content appropriate to type of coarse 

aggregate. 

4, (95 +ý ,c aas 33 
2(0 

On the other hand, if the design method indicates a cement 
content that is higher than a specified maximum then it is 
probable that the specification cannot be met simultaneously 
on strength and workability requirements with the selected 
materials. Consideration should then be given to changing the 
type of cement, the type and maximum size of aggregate or 
the level of workability of the concrete. 

5.4 Determination of total aggregate content (Stage 4) 

Stage 4 requires an estimate of the density of the fully 

compacted concrete Which is obtained from Figure 5 dcpcndinF 
upon the firs earn3r'and the relatve density' of the 
combined aggregate. If no information is available regarding 
the relative density of the aggregate an approximation can be 

made by assuming a value of 2.6 for uncrusbed aggregate and 
2-7 for crushed aggregate. From this estimated density of the 
concrete the total aggregate content is determined from 
calculation C4: 

Total aggregate content =D-W,: - Waw C4 
(saturated and surface-dry) 

where D= the wet density of concrete (kg/m3) 

WW = the cement content (kg/m') 

WPw = the free-water content (kglm3). 

5.5 Selection of fine and coarse aggregate contents (Stage 5) 

Stage 5 involves deciding how much of the total aggregate 
should consist of material smaller than 5 mm, i. e. the sand or 
fine aggregate content. Figure 6 shows recommended ranges 
for the proportion of fine aggregate depending on the maximum 
size of aggregate, the workability level, the grading zone of the 
fine aggregate and the free-water/cement ratio. The best 
proportion of fines to use in a given mix will depend on the 
shape of the particular aggregate, the actual grading relative 
to the zone limits as defined in BS 882 and the use to which 
the concrete is to be put. However, adoption of a proportion 
within the bands recommended in Figure 6 will generally give 
a satisfactory concrete in the first trial mix which can then 
be adjusted as required for the exact conditions prevailing. 

The final calculation, CS, to determine the fine and coarse 
aggregate contents, consists of multiplying the value obtained 
from Figure 6 by the total aggregate content derived in Stage 4: 

Fine aggregate content = 
total aggregate content X proportion of fines 

Coarse aggregate content = 
total aggregate content - fine aggregate content 

... C5 

The coarse aggregate content itself can be subdivided if single 
sized 10,20 and 40 mm materials are to be combined. Again, 
the best proportions will depend on aggregate shape and 
concrete usage but the following ratios are suggested as a 
general guide: 

1: 2 for combination of 10 and 20 mm matcrial 
1 : 1.5: 3 for combination of 10,20 and 40 mm matcrial. 

'The internationally known term'relative density' used in this publication 
is synonymous with *specific ? ravity' and is the ratio of the mass of a 
given volume of substance to the mass of an equal volume of water. 
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MIXING AND SAMPLING FRESH CONCRETE 

1. OBJECTIVE 

Mixing and sampling fresh concrete in the laboratory (as recommended by BS 1881: 
Part 125: 1986) 

2. APPARATUS 

A non-porous timber or metal platform, a pair of shovels, a steel hand scoop, measuring 

cylinder and a small concrete mixer (if machine mix) 

3. PROCEDURE 

a. Weight the quantities of cement, sand and course aggregate to make 1: 2: 4 

concrete mix at water ratio of 0.6 

b. Hand Mixing 
i. Mix cement and sand first until uniform on the non-porous platform 
ii. Pour course aggregate and mix thoroughly until uniform 

N. Form a hole in the middle and add water in the hole. Mix thoroughly for 3, 

minutes or until the mixture appears uniform in color. 

c. Machine Mixing 
i. Wet the concrete mixer. 
ii. Pour aggregate and mix for 25 second. 
iii. Add half of water and mix for 1 minute and leave for 8 minutes. 
iv. Add cement and mix for 1 minute. 

v. Add remaining water available and mix for 1 minute. 
vi. Stop the machine and do hand mixing to ensure homogeneity. 

vii. Pour out the concrete onto the non porous surface. 
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4. PRECAUTIONS 

a. The room temperature should be approximately 25-27 C 

b. Make sure that fine and aggregate are dry. If they are wet find the content of the 

aggregates to determine the quantity of water required. 
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SLUMP TEST -TEST FOR WORKABILITY 

1. OBJECTIVE 

To measure the workability of a sample from a batch of fresh concrete of a given mix (as 

recommended by BS 1881: Part 102: 1983) 

2. THEORY 

The measurement of the workability of fresh concrete is important in assessing the 

practicality of compacting the mix and also in maintaining consistency throughout the 

job. 

3. APPARATUS 

Truncated conical mould 100mm in diameter at the top, 200mm at bottom and 300mm 

high, with a steel tamping rod (16mm diameter & 600mm long), rounded at one end, a 

scoop, a steel ruler and a steel trowel. 

4. PROCEDURE 

a. Clean the inside mould and place it on a hard, flat and nonabsorbent surface. 
b. Take a representative sample (aboutl5kg) from a fresh concrete mix. 

c. Fill the mould in four layers of concrete of approximately equal depth (each layer 

is about 75mm). Each layer is rodded 25 times with the rounded end of a steel 

rod. Make sure each rodding passes through the height of each layer. 

d. After the top layer has been rodded, the surface of the concrete is struck off with 
a trowel to level up with the top of the mould. 

e. Clean away any spillage of the concrete around the base of the mould. 
f. Carefully and slowly lift the mould vertically from the concrete. Invert the mould 

and place it next to the moulded concrete. The concrete will slump. 
g. Place the rod across the top of the mould. 

Department of Civil Engmccring 
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Lab Procedure 

h. The slump is the difference between the height of the slumped concrete and the 

mould. Using the steel ruler, measure the slump from the top of the concrete to 

the underside of the rod. 
i. Record the slump to the nearest 5mm. 

ý. PRECAUTIONS 

a. The test should be done 6 minutes after water is added to dry concrete mix( as 

recommended by BS 1881-Part 102,1983) 

b. During filling the mould must be firmly pressed against its base 

c. The rodding should be applied uniformly through the entire area of the concrete. 
d. The bottom layer should be rodded throughout its depth. 

e. Vibrations from nearby machine might increase the subsidence. 
f. If the specimen collapses off laterally, repeat the test with another sample of the 

same batch of concrete. 
g. If, in repeat test, the specimen should again collapse or shear, record the slump. 
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FIGURE 1: A Slump Cone 

FIGURE 2: Measure of Slump 
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(a) True Slump (b) Shear Slump (c) Collapse Slump 

Figure 3(a), 5(b) and 5(c): Types of slump 

TABLE 1: Slump Test Apparatus & Their Remarks 

INDEX APPARATUS REMARKS 

Heavy Gauge sheet steel, 4` top diameter, 
1 Slump Cone 

8' bottom diameter, 12' height 

Machine steel, 0-10 cm slump 
2 Inspection Scale 

measurement, 1 cm increment 

Steel sheet, carrying handle, 
3 Base Plate 

600mm x 600mm x 5mm 

4 Scoop Cast Aluminum 

5 Trowel Pointed Type 

6 Brush Steel wire 
Machine steel, galvanized 16mm diameter, 

7 Tamping Rod 
600 mm length 
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MAKING AND CURING CUBES AND TEST BEAMS 

1. OBJECTIVE 

To cast and cure test cubes and test beams of 150mm standard sizes of a given mix (as 

recommended by BS 1881: Part 111: 1983) 

2. APPARATUS 
150mm x 150mm x 150mm internal size of steel mould for the test cubes, 150mm x 
750mm steel moulds for the test beams, a 300mm long steel tamping bar with a rimming 
face 25mm square and a steel trowel. 

3. PROCEDURE 

a. Brush the inner faces of moulds with oil and tighten the screws. 
b. Fill the mould with concrete sample in layers of 50mm deep approximately. 
c. Tamp each layer with the square face steel tamping bar 25times for test cube 

and 175 times for test beam. Make sure each tamping passes through of each 

layer. 

d. After the top layer has been tamped, the surface of the concrete is struck off level 

with the top off the mould with a trowel. 

e. Using a nail mark the top surface of the concrete test cube to indicate number 

and date of casting. 
f. Cover the. moulds with polythene sheet or damp loth to prevent evaporation and 

keep in the curing room for 24hours. 

g. After 24hours the concrete specimen should be removed from the moulds and 

stored in the curing tank until they are to be tested at a temperature of 20+ 5 °C. 

h. Preferred ages for test are Mays and 28days 

I. At least 2 specimens are made for each mä. 

Dcpartmcnt of Civil Engineering 12 of 40 pages 
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4. PRECAUTIONS 

a. The fresh concrete samples should be tested for workability before casting. 
b. Test specimen should be made as soon as possible after concrete is mixed. 

c. The specimen in the mould should not be moved within the first 'few hours after 

casting as this may lead to segregation and excessive bleeding of the concrete. 
d. If there is no curing room, place the specimen in the mould in the laboratory which 

will be free from vibration. 
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COMPRESSIVE STRENGTH TEST CUBES - TEST FOR STRENGTH 

1. OBJECTIVE 

To determine the compressive strength (Crushing strength) of concrete according to 

BS 1881: Part 116: 1983 

2. THEORY 
One of the most important properties of concrete is its strength in compression. 

The strength in compression has a definite relationship with all other properties of 

concrete. The other properties are improved with the improvement in compressive 

strength. 
The compressive strength is taken as the maximum compressive load it can be 

carry per unit area. Compressive strength tests for concrete with maximum size of 

aggregate up to 40mm are usually conducted on 150mm cubes. 

3. APPARATUS 
Compression Testing Machine (it complies with the requirement of BS 1610) 

4. PROCEDURE 

a. Remove the specimen from curing tank and wipe surface water and grit off the 

specimen. 
b. Weight each specimen to the nearest kg. 

c. Clean the top and lower platens of the testing machine. Carefully center the cube 
on the lower platen and ensure that the load will be applied to two opposite cast 
faces of the cube. 

d. Without shock, apply and increase the load continuously at a nominal rate within 
the range 0.2NJmm2s to 0.4 NImm2 until no greater load can be sustained. 
Record the maximum load applied to the cube. 
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e. Note the type of failure and appearance of cracks. 
f. 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 N/mm2 

FIGURE 5: The outcome of cube test - normal case 
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CONCRETE COMPRESSIVE STRESS 

Grade Slump test Age Dimension Weight Weight/ Vol 
Fail 

Load Strength 
Average 
Strength 

(Batch 
Mix) (types/measures) Date Cast (Days) (mm) (kg) (kg/m') (kN) (N/mm=) (N/mm2) 

C30 (1) collapse/- 10/2/2010 7 150 8.0 2370.37 382.6 17.01 

C30 (1) collapse/- 10/2/2010 7 150 8.2 2429.63 385.6 17.14 17.08 

C30 (1) collapse/- 10/2/2010 7 150 8.0 2370.37 384.2 17.08 
C30 (2) true/25mm 12/2/2010 7 150 8.3 2459.26 802.3 35.66 
C30 (2) true/25mm 12/2/2010 7 150 8.3 2459.26 805.1 35.78 35.75 

C30 (2) true/25mm 12/2/2010 7 150 8.3 2459.26 805.7 35.81 

C30 (3) true/34mm 19/2/2010 7 150 7.9 2340.74 587.6 26.12 

C30 (3) true/34mm 19/2/2010 7 150 8.0 2370.37 580.2 25.79 25.88 

C30 (3) true/34mm 19/2/2010 7 150 8.0 2370.37 578.7 25.72 
C30 (4) true/40mm 24/2/2010 7 150 8.0 2370.37 507.1 22.54 

C30 (4) true/40mm 24/2/2010 7 150 8.2 2429.63 577.5 25.67 24.50 

C30 (4) true/40mm 24/2/2010 7 150 8.2 2429.63 568.9 25.28 

C30 (5) collapse/- 26/2/2010 7 150 8.1 2400.00 548.3 24.37 
C30 (5) collapse/- 26/2/2010 7 150 8.0 2370.37 511.5 22.73 23.73 

C30 (5) collapse/- 26/2/2010 7 150 8.1 2400.00 541.9 24.08 

C30 (6) true/20mm 2/3/2010 7 150 8.3 2459.26 719.3 31.97 
C30 (6) true/20mm 2/3/2010 7 150 8.1 2400.00 719.0 31.95 31.98 

C30 (6) true/20mm 2/3/2010 7 150 8.3 2459.26 720.4 32.02 

C30 (7) true/25mm 4/3/2010 7 150 8.3 2459.26 681.5 30.29 

C30 (7) true/25mm 4/3/2010 7 150 8.2 2429.63 656.9 29.2 29.67 

C30 (7) true/25mm 4/3/2010 7 150 8.2 2429.63 664.3 29.52 

C30 (8) true/35mm 8/3/2010 7 150 8.4 2488.89 663.2 29.48 

C30 (8) true/35mm 8/3/2010 7 150 8.3 2459.26 513.3 22.82 25.55 

C30 (8) true/35mm 8/3/2010 7 150 8.3 2459.26 548.0 24.35 



Grade Slump test Age Dimension Weight Weight/ Vol 
Fail 

Load Strength 
Average 
Strength 

(Batch 
Mix) (types/measures) Date Cast (Days) (mm) (kg) (kg/m3) (kN) (N/mm2) (N/mm=) 

C30 (1) collapse/- 10/2/2010 28 150 7.9 2340.74 511.6 22.74 
C30 (1) collapse/- 10/2/2010 28 150 7.8 2311.11 523.4 23.26 23.02 

C30 (1) collapse/- 10/2/2010 28 150 8.0 2370.37 518.7 23.05 
C30 (2) true/25mm 12/2/2010 28 150 8.2 2429.63 822.2 36.54 

C30 (2) true/25mm 12/2/2010 28 150 7.9 2340.74 763.4 33.93 37.42 

C30 (2) true/25mm 12/2/2010 28 150 8.3 2459.26 940.3 41.79 
C30 (3) true/34mm 19/2/2010 28 150 7.9 2340.74 726.6 32.29 

C30 (3) true/34mm 19/2/2010 28 150 7.8 2311.11 842.7 37.45 34.50 

C30 (3) true/34mm 19/2/2010 28 150 7.4 2192.59 759.6 33.76 
C30 (4) true/40mm 24/2/2010 28 150 8.1 2400.00 690.2 30.68 
C30 (4) true/40mm 24/2/2010 28 150 8.1 2400.00 795.7 35.36 31.87 

C30 (4) true/40mm 24/2/2010 28 150 8.2 2429.63 665.3 29.57 
C30 (5) collapse/- 26/2/2010 28 150 8.0 2370.37 598.1 26.58 
C30 (5) collapse/- 26/2/2010 28 150 8.1 2400.00 606.8 26.97 26.42 

C30 (5) collapse/- 26/2/2010 28 150 8.1 2400.00 578.2 25.70 
C30 (6) true/20mm 2/3/2010 28 150 8.3 2459.26 1069.0 47.53 
C30 (6) true/20mm 2/3/2010 28 150 8.3 2459.26 1154.0 51.30 48.60 

C30 (6) true/20mm 2/3/2010 28 150 8.2 2429.63 1057.0 46.97 

C30 (7) true/25mm 4/3/2010 28 150 8.3 2459.26 737.0 32.76 

C30 (7) true/25mm 4/3/2010 28 150 8.2 2429.63 746.6 33.18 35.03 

C30 (7) true/25mm 4/3/2010 28 150 8.3 2459.26 880.7 39.14 
C30 (8) true/35mm 8/3/2010 28 150 8.2 2429.63 818.4 36.38 

C30 (8) true/35mm 8/3/2010 28 150 8.4 2488.89 612.2 27.21 31.19 

C30 (8) true/35mm 8/3/2010 28 150 8.2 2429.63 674.3 29.97 
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IN/FRNATIONAL 

Designation: E 488 - 96 (Reapproved 2003) 
An American National Standard 

Standard Test Methods for 
Strength of Anchors in Concrete and Masonry Elements' 
'1111% sta1)d. 11d Is Is1111'd undrr Ihr Iixed drsIgn, mnn h 988, the numhet unnlediatcly following the designation indicates the yeti of 
original adulunal ut, in the 1 ass of ir, istou. the year ul last revision. A number in parentheses indicates the year of last reapprosat A 

stilxnrnpt epsilon (t) uuhcatcs an edIuaial change surre the last revision or reapproval 

All Handard h111 her,, uppnnei Im i+tr by a rnrtr. r of dir Drlxtrrmenr of Defense 

I. Scope 
1.1 These test ntethoxis cover procedures for determining 

the static, seismic, fatigue and shock, tensile and shear 
strengths of post-installed and cast-in-place anchorage systems 
in structural members made of concrete or structural member, 
made of masonry. Only those tests required by the specifying 
authority need to be performed. 

1.2 These test methods are intended for use with such 
anchorage devices designed to he installed perpendicular to a 
plane surface of the structural member. 

1.3 Whereas combined tension and shear as well as torsion 
tests are perfor nrd under special conditions, such tests are not 
covered in the methods described herein. 

1.4 While individual procedures are given for static, seis- 
mic, fatigue and shuck testing, nothing herein shall preclude 
the use of combined testing conditions which incorporate two 
or more of these types of tests, (such as seismic, fatigue and 
shock tests in series), since the same equipment is used for 

each of these tests. 
1.5 This standard does not purport to address all of the 

safety concerns, if an v, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulators' limitations prior to use. 

2. Referenced 1)ocunients 
2.1 ASTM Standards: 
E4 Practices for Force Verification of Testing Machines 2 
E 171 Specification for Standard Atmospheres for Condi- 

tioning and "testing Flexible Banicr Materials` 
E 468 Practice for Presentation of Constant Amplitude Fa- 

tigue Test Results for Metallic Materials2 
E 575 Practice for Reporting Data from Structural Tests of 

' lbese test methods arc under the Jurisdtcuon of ASTM Committee E06 on 
Performance of Buildings and arc the direct responsibility of Subcommittee E06. I3 
on Structural Performance of Connections in Building Construction 

. 
Current edition approved May 10, ? IX)l Published June 2003. Originally 

approved in 1976. List previous edition approved in 1996 as E. 488 - 96. 

Annual Book of AS'lisl Srundords. Vol 03.01 
Annual Book nfASrtil Sromhud. r. Vol IS IN 

Building Constructions, Elements. Connections, and As- 
semblies'' 

3. Terminology 

3.1 Definitions of Terms Specific to This Standard: 
3.1. I adhesive anchor-a post-installed anchor that derives 

its holding strength from the chemical compound between the 
wall of the hole and the anchor rods. The materials used 
include epoxy, cementitious material, polyester resin, and other 
similar types. 

3.1.2 anchor spacing-the distance between anchors mea- 
sured centerline to centerline, in mm (in. ); also, the minimum 
distance between reaction points of the test frame. 

3. I. 3 cast-in-place anchor-an anchor that is installed prior 
to the placement of concrete and derives its holding strength 
from plates, lugs, or other protrusions that are cast into the 
concrete. 

3.1.4 displacement-movement of an anchor relative to the 
structural member. For tension tests, displacement is measured 
along the axis of the anchor, and for shear tests, displacement 
is measured perpendicular to the axis of the anchor, in mm 
(in. ). 

3.1.5 edge distance-side cover distance or the distance 
from the centerline of an anchor to the nearest edge of a 
structural member, in mm (in. ); also, minimum distance from 
the centerline to the test frame. 

3.1.6 embedment depth-distance from the test member 
surface to the installed end of the anchor, in mm (in. ), prior to 
the setting of the anchor. 

3.1.7 expansion anchor-a post-installed anchor that de- 

rives its holding strength through a mechanically expanded 
system which exerts forces against the sides of the drilled hole- 

3.1.8 fatigue test-a laboratory test that applies repeated 
load cycles to an anchorage system for the purpose of 
determining the fatigue life or fatigue strength of that system. 

3.1.9 LVDT-a linear variable differential transformer used 
for measuring the displacement or movement of an anchor or 
anchor system. 

Annen! Rook of ASTM Standards. Vol 04 . 11 
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3.1.10 /u t-irnctolled anc hol. an anchor that is installed 

, 
titer the placement and hardening of concrete. 

3.1.1 I curt-orrt- -a condition where failure did not occur at a 

, pcci lied number of load cycles in a fatigue test. 
3.1.12 sale irorking lolls -the allowable or design load 

obtained by applying factors of safety to the ultimate load of 
the anchorage device. kN (lhft. 

3.1.13 seismic test---a laboratory test that applies load 

cycles of varying magnitude and frequency to an anchorage 
system for the purpose of simulating a seismic event (earth- 

quake). 
3.1.14 shear test--a test in which an anchor is loaded 

perpendicular to the axis of the anchor and parallel to the 
surface of- the structural ntenther. 

3.1.15 shock test-a laboratory test that simulates shock 
loads on an anchorage system by the application of a short 
duration external load. 

3.1.16 static test-it test in which a load is slowly applied to 
an anchor according to a specified rate such that the anchor 
receives one loading cycle.. 

3.1.17 strucnrrol nu-utber-- the material in which the anchor 
is installed and which resists forces from the anchor. 

3.1.18 tensile lest--a test in which an anchor is loaded 

axially in tension. 
3.1.19 undercur one ben-a post-installed anchor that de- 

rives its holding strength from an expansion of in embedded 
portion of the anchor into it portion of the hole that is larger in 
diameter than the portion of the hole between the enlarged 
section and the surface of the structural member. The enlarged 
diameter section of the hole is predrilled or enlarged by an 
expansion process during setting of the anchor. 

3.2 Svntbols: 

hýý = cliective depth of embedment of an anchor 
in nun (in. ). 

F, = safe working load in kN (Ibf). 
h= thickness of the structural member in mm 

(in. ). 
12, = anchor embedment depth in nun (in. ). 
s= anchor spacing in mm (in. ) measured cen- 

terline to centerline. 
c= edge distance in mm (in. ) measured from 

centerline of anchor to edge. 
d= nominal anchor diameter in nun (in. ). 
JT = uncorrected displacement for tension tests 

in mm (in. ). 
Js= uncorrected displacement for shear tests in 

nim (in. ). 
AN and B, = instrument readings at a given load in nun 

(in. Y 
A, and B, = initial instrument readings in nun (in. ). 

= average displacement at maximum load for 

Jti 

/] 

N7 

tension tests in min (in. ). 

average displacement at maximum load for 

shear tests in rnrn din. ). 
number of test samples. 
total number of load cycles in tension 
Fatigue test. 

Ns 

iV7 

NS 

', I T 

t1/5 

Al� and Bt,, 

Afand[3f, 

ý 

ý 

total number of load cycles in shear fatigue 
test. 
average number of load cycles in tension 
fatigue test. 
average number of load cycles in shear 
fatigue test. 
displacement of anchor occurring at maxi- 
mum load for tension fatigue test min (in. ). 
displacement of anchor occurring at maxi- 
mum load for shear fatigue test mm (in. ). 
maximum displacement instrument read- 
ings for fatigue tests nun (in. ). 
initial displacement instrument readings for 
fatigue tests nun (in. ). 
average maximum displacement for tension 
fatigue tests mm (in. ). 
average maximum displacement for shear 
fatigue tests mm (in. ). 

4. Significance and Use 
4.1 These test methods are intended to provide data from 

which applicable design data and specifications are derivable 
for a given anchorage device used in a structural member of 
concrete, masonry and related products and for qualifying 
anchors or anchorage systems. 

4.2 The test methods shall be followed to ensure reproduc- 
ibility of the test data. 

5. Apparatus 

5.1 Equipment: 
5.1.1 Laboratory-Suitable equipment shall be used to 

perform tests to generate data required to publish load tables or 
to obtain listings from approval agencies, building officials, 
etc. Calibrated electronic load and displacement measuring 
devices which meet the sampling rate of loading specified 
herein shall be used. The equipment shall be capable of 
measuring the forces to an accuracy within ±1% of the 

anticipated ultimate load, when calibrated in accordance with 
Practices E 4. The load and displacement measuring devices 

shall be capable of providing data points at least once per 
second in order to produce continuous load versus displace- 

ment curves. A minimum of 120 data points per instrument 

shall be obtained and recorded for each individual test. The 

readings shall be obtained prior to reaching peak load. The 
instruments shall be positioned to measure the vertical move- 
ment of the anchor with respect to points on the structural 
member in such a way that the instrument is not influenced 
during the test by deflection or failure of the anchor or 
structural member. The testing device shall be of sufficient 
capacity to prevent yielding of its various components and 
shall ensure that the applied tension loads remain parallel to the 
axes of the anchors and that the applied shear loads remain 
parallel to the surface of the structural member during testing. 

5.1.2 Field 7E srs-Suitable equipment shall be used to 
perform tests required to verify correct installation or provide 
proof loads on anchors installed at a specific job site. Cali- 
brated load cells which meet the specified rate of loading given 
herein shall be used. The equipment shall be capable of 
measuring the forces to an accuracy within ±2% of the 
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applied load. when i aIibi ated in accordance with Practices I: -1. 
For held tests which require displacement measurements, use 

either manually read dial gages or electronic load and displace- 

ruent measuring devices, provided they are capable of' gener- 

ating; a minimum of 50 data prints prior to reaching peak load. 

I or field tests requiring displacem ent measurements, the iu- 

s[nunent(s) shall he positioned to measure the vertical nuwe- 

nrent of the anchor with respect to points on the structural 

member in such a way that the instrument is not influenced 

during the test by deflection or failure of the anchor or 

structural member The testing device shall he of suflicient 

capacity to proven[ yielding, of its various components and 

shall ensure that the applied Icnsitn loads remain parallel to the 

axes of the anchors and that the applied shear loads remain 

parallel to the surface of the structural member during testing. 
5.2 Tension li"sr Examples of suitable systems for apply- 

ing tension pull-out forces are shown in Figs. I and 2 in which 
a single anchor specimen is shown. The lest system support 
shall be of sufficient size to prevent failure of the surrounding 
structural member. The loading rod shall be of such size to 
develop the ultimate strength of the anchorage hardware with 
minimal elastic elongation and shall he attached to the anchor- 
age system by means of it connector that will minimize the 
direct transfer of bending stress through the connection. 

5.3 Shear liest Examples of suitable systems for applying 
shear forces are shown in Figs. 3 and 4 in which a single 
anchor specimen is shown. The components of the test fixture 

shall be of sufficient site and strength to prevent their yielding 
during ultimate capacity tests on the anchorage system. 

5.4 Lnadin, r Plum -- The thickness of the loading plate in the 
unmediate vicinity of the test anchor shall be equal to the 
nominal bolt diameter to he (ested, !-1.5 min (! '/u, in. ), 
representative of a specific application. 

5.4.1 The hole in the loading plate shall have a diameter 1.5 
mm ± 0.75 non (0.06 mm ' 0.1)3 in. ) greater than the test 
anchor. The initial shape of the hole in the loading plate shall 
correspond to that of the anchor cross section and shall be 

ll y cliO. d" 

{,. eur.. 

(lneýlU(. "re: " 1 
1( n wý 

FIG. 2 Typical Seismic Tension Test Arrangement 

maintained throughout all tests. Worn or deformed holes shall 
be repaired. Insert sleeves of the required diameter shall be 
periodically installed in the loading plate to 
requirements. 

meet these 

5.4.2 For shear testing, the contact area between the loading 
plate through which the anchor is installed and the structural 
member shall be as given in Table 1, unless otherwise 
specified. The edges of the shear loading fixture shall be 
chamfered or have a radius to prevent digging in of the loading 
plate. 

5.5 Anchor Displacement Measurement- For anchor tests 
that require displacement measurements, the displacement 
measurements shall be made using LVDT device(s) or equiva- 
lent which provide continuous readings with an accuracy of at 
least 0.025 nun (0.001 in. ). Dial gages having an accuracy of 

FIG. 1 Typical Static Tension Test Arrangement 
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FIG. 3 Typical Method of Applying Shear Loads to Anchors Attached to Structural Members-Direct Loading Method 

Atochon Ptdestot 

FIG. 4 Typical Seismic Shear Test Arrangement-Indirect Loading Method 

TABLE 1 Shear Loading Plate Bearing Area as a Function of 
Anchor Diameter 

Anchor Diameter, Shear Loading Plate Contact Area, 
mm (in. ) cm' (in. ') 

<10 (<Vo ) 50-80 (8.00-12.40) 
10--<16 (3Y. -<3's 80.01-120 j12.41-18.60) 

16-<22 (%-<ýia 120.01-160 (18.61-24.80) 

22-<51 ('/a -<2) 160.01-260 (24.81-40.30) 

>51 (>2) 260.1-400 (40.31-62.00) 

0.025 mm (0.001 in. ) are permitted in field testing or for 
general tests where precise displacement measurements are not 
required. 

5.5.1 Tension 'l'est: 
5.5.1.1 Single Anchor-The displacement measuring de- 

vice(s) shall be positioned to measure the vertical movement of 
the anchors with respect to points on the structural member in 

such it way that the device is not influenced during the test by 
deflection or failure of the anchor or structural member. 

5.5.1.2 Group of Anchors-Displacement measurements 
shall he made on all anchors or group of anchors tested 

simultaneously except that only one set of instruments needs to 
be used for a group of anchors tested as a closely spaced 
cluster. Displacement measurements as described in 5.5 in- 

clude components of deformation not directly associated with 
displacement of the anchor relative to the structural member. 
Include components of deformation such as elastic elongation 
of the loading rod anchor stem, deformation of the loading 
plate, sleeves, shims, attachment hardware, and local structural 
member material. Deduct all of the elongations from these 
sources from the total displacement measurements by using 
supplementary measuring devices or calibration test data for 
the installed test set-up with rigid specimen replacing the 
anchor to be tested. The displacement to be used for the 
evaluation of the findings is the average displacement indicated 
by both instruments mounted symmetrically equidistant fron) 
the centroid of the cluster as shown in fig. 5. 

5.5.2 Shear 7iest-The displacement measuring device(s) 
shall be positioned to measure displacement in the direction of 
the applied load. The device shall be placed on the structural 
member to allow the sensing element to bear perpendicularly 
on the anchor or on a contact plate located on the loading plate 

68 



quý E 488 - 96 (2003) 

1 ,. f+, "J". ý., ýi E 

(Sre Srcýýý 1ý ý^ 

.\. \\ ý-ýýý- 
ý ý. _ 

\. 

'- tood, nq Plvn. 

FIG. 5 Typical Method of Applying a Test Load to a Cluster of 
Anchors in the Test Area of a Structural Member 

as shown in Fig. 3 or other method which prevents extraneous 
deflections. For tests on clusters of anchors, the instrument 

shall lie on a plane through the axis of the shear loading rod or 
plate. An extension of the axis of the shear loading rod or plate 
shall pass through the centric axis of the cluster of anchors. 

6. Test Specimens 

6.1 Anchorage System--The anchorage system shall be 

representative of the type and lot to be used in field construc- 
tion and shall include all accessory hardware normally required 
for its use, Ihat is. Al attachment hardware. 

6.2 Anchor In., tullation Install the anchorage device in 

accordance with the manufacturer's procedures and tools, or, 
where specific deviation is justified, in accordance with good 
field methods. 

6.3 Anchor Plucenrenr-lnrlividually test all anchors as 
specified in the test program. The anchors shall be tested at 
distances equal to or greater than those given in Table 2. The 
distances in Table 2 are not intended for design of attachments. 
Table 2 test support requirements are not prohibited from being 
reduced for bonded anchors with embedments equal to or 
greater than 20 anchor diameters. For anchors intended to be 
field-installed at spacings less than specified in Table 2 in 
groups of two or rnore, test at the intended spacings or edge 
distances per the requirements of 8.3 at the selected spacing 
and edge distance intervals to assign reduction factors. 

6J Structural Member-The structural member in which 
the anchor is to be embedded shall be representative of the 
materials and configuration intended for field use. The struc- 
tural member is not prohibited from being steel-reinforced. The 
location and orientation of any reinforcement embedded in 

TABLE 2 Minimum Clearance Requirements for Test Equipment 
Supports 

Adhesive Anchors All Other Anchors 
Minimum Distance Minimum Distance 

Test 
Spacing 

supports 
between 

to Edge or Test 
TeSpacing 

botwoon to Edge or Test 
Frame st Supports 

Frame 
Tension Loads 

ZOh� 1 Oh 
,4 

0hß, 2 0hß, 
Shear Loads 

___ 4 Oh� 2 0h,,, 4. Oha, 2.0h,, 

concrete or masonry member` shall be evaluated. The overall 
size of' the test specimen shall not be reduced unless the 
requirements in 6.4.1-6.4.3.1 arc stet. 

6.4.1 The depth of the structural member shall he equal to 
the minimum member depth specified by the manufacturer. 
The structural member shall he at least 1.5 h,, in thickness so 
long as the depth is suitable for normal installation of the 
anchor and does not result in premature failure of either the 
structural member or anchor, unless the specific test application 
requires a lesser thickness. The structural member will act as a 
beam if the spacing between reaction supports is greater than 
the thickness of the member. A structural member with a 
thickness of at least 1.5 h,, will minimize bending during the 
application of the tensile load to the test anchor. In general, the 
thickness of the test member shall be equal to the minimum 
member depth specified by the manufacturer. 

6.4.2 The length and width of the structural member shall 
ensure that no shear or tension failure spall intersects either the 
outside edges of the structural member or the bearing contact 
points of the test frame. The overall size of the test specimen 
shall only be reduced when the minimum requirements in 6.4.1 

are met. 
6.4.3 Surface Finish-The surface of the structural member 

where the loading fixture or loading plate bears on the member 
shall be a form-work or steel-trowel finish unless otherwise 
specified. 

6.4.3. l For static shear tests, a sheet of tetrafluoroethylene 
(TFE). polytetrafluoroethylene (PTFE), fluorinated ethylene 
propylene (FEP). or perfuoroalkoxy (PFA) of 0.5 ± 0.1 mm 
(0.020 ± 0.004 in. ) thickness and corresponding to the area 
required according to Table I shall be placed between the shear 
plate and the surface of the structural member. 

7. Conditioning 
7.1 Specimen Conditioning and Curing-When aging, sea- 

soning, or curing conditions affect the performance and capac- 
ity of the installed anchor, take appropriate measures to age, 
season, or cure the installed anchoring system in accordance 
with appropriate procedures prior to testing. Describe such 
conditions in detail. Cast-in-place concrete, grout-set, and 
epoxy-set anchors are some examples of anchorage systems 
that require provisions for aging or curing. 

7.2 Specimen Moisture and Temperature-When moisture 
and temperature conditions affect the performance of the 
anchorage system, they shall be kept constant during the 
testing of the anchorage system. The choice of the controlled 
conditions shall simulate the conditions under which the 
anchors will be used. Simulate field moisture and temperature 
conditions or use standard conditions of 23°C (73°F) and 50 % 
relative humidity, as provided in Specification E 171. Testing 
shall begin only after the test specimens have reached at least 
an appropriate stable condition with regard to temperature and 
moisture content. 

8. Static Tests 
8.1 Equipment-Use any suitable testing or loading system 

specified in the Apparatus section. 
8.2 Number 'f hest Specimens-For determining the aver- 

age tension or shear resistance, a minimum of five anchors per 
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size shall be tested and the live test results averaged. Where 

steel failures occur, only a minimum of three anchors per size 
shall be tested and the three test results averaged. 

8.3 Number of Test Specimens for Statistical Data-For 
determining statistical data, such as coefficient of variation or 
spacing and edge-distance reduction factors (with a± 10 %- 

accuracy), a minimum number of tests (n) shall be performed 
in accordance with Table 3. 

8.3.1 This procedure shall be repeated for each variation in 
anchor type, size, embedment depth, and location. This proce- 
dure shall also be repeated for cacti variation in the structural 
member. 

8.4 Static Test Procedure: 
8.4.1 Tension 'T'est: 
8.4.1.1 Position the loading system, in such a way that the 

placement of the test system supports meet the requirements of 
Table 2 (see Figs. 1 and 2). Position the loading device in such 
a way that it is centered over the anchor to be tested. Provide 
uniform contact between the surface of the structural member 
and the support system. In the final alignment of the support 
system, ensure that the forces to be applied through the loading 
rod are perpendicular to the surface of the structural member 
section. The amount of torque or pretension applied to the 
anchor by the attaching nut or locking device shall be uniform 
for each series of tests. 

8.4.1.2 Position and attach the loading rod so that the load is 
applied through the center of a single anchor, or through the 
centroid of a cluster of anchors. Whenever a loading plate is 
required in the testing of a cluster of anchors, ensure uniform 
loading of the individual anchors of the cluster. 

8.4.2 Shear Test: 
8.4.2.1 Position the loading system in such a way that the 

placement of the test system supports meet the requirements of 
Table 2 (see Fig. 3). A reaction bridge is not required along the 
edge of the structural member if the edge distance is larger than 
4 h. f in all directions. 

8.4.2.2 Position and fasten the structural member in the 
support system in such a way that the test surface of the 
structural member is parallel to the loading plate and the axis 
of the pulling rod. Place the loading plate-rod assembly onto 
the structural member and secure it in place with the appro- 
priate nut or other locking device typically used for the 
particular anchor installation to be tested. The amount of force 
exerted on the loading plate by the attaching nut or locking 
device shall be uniform for each series of tests performed. 

8.5 Initial Load-Apply an initial load up to 5% of the 
estimated maximum load capacity of the anchorage system to 
be tested, in order to bring all members into full bearing. 

8.6 Rate of Loading-Two loading rates are given. For tests 
that require precise anchor load-displacement data for calcu- 
lating stiffness or assessing proper functioning, the continuous 

TABLE 3 Size for Statistical Evaluation of Test Data 

Coefficient of Variation. % 

Up to 12 
12 to 15 

>15 

Minimum Test Sample 
Size Required. n 

5 
10 
30 

load application method is required. The first method requires 
a continuous increase in load up to failure or up to a maximum 
specified load or displacement. The second is a step-loading 
method in 15 % increments of the expected ultimate load. 

8.6.1 Continuous Load Application--Apply loading to the 
anchor at a uniform rate that will produce a failure as defined 
in the Failure Criteria section. A loading rate of 25 to 100 %7r of 
the ultimate anchor capacity per minute shall be used except 
that it minimum 1-min total test time and a maximum 3-min 
total test time is allowed when the test equipment provides 
accurate recording of load and displacement readings. 

8.6.2 Incremental Load Application-In step loading during 

sustained constant-level load increments up to a maximum 
load, each increment load shall not exceed more than 15 % of 
the estimated maximum test load and shall be maintained for a 
2-min period. Plot the initial and 2-min readings of the 
measurement devices in the form of load-displacement curves. 
Maintain complete load-displacement records throughout the 
test or plot after completion of the test. The data records shall 
include a time record of the beginning and end of each 
increment of constant load. 

8.6.3 Load Application for a Given Period-If application 
of a given load is required for a certain period, such as 24 h, 
deformation readings shall be taken at the beginning, during, 
and end of the period to allow the satisfactory plotting of a 
time-displacement curve for the complete period. 

8.7 Calculations: 
8.7.1 Load-Displacement Data: 
8.7.1.1 Determine the uncorrected displacements ,T and As 

at any given load for an individual test in the following 

manner: 
For tension tests: 

AT -111(AN-AI+BN-B! ) (1) 

For shear tests: 
A, =AN-A, (2) 

where: AN and BN are instrument readings at the given load. 
and A, and B, are initial instrument readings. 

8.7.1.2 Obtain the corrected displacement by plotting the 
uncorrected displacement versus the applied loads and extrapo- 
lating a smooth curve through the data points back to zero load. 
The corrected displacement at maximum or at any other test 
load is observed from the plot relative to the adjusted zero-load 
displacement value. 

8.7.1.3 Obtain the average displacement at maximum (A Tor 
As) or any other load for each test series as the arithmetic mean 
of all individual displacement determinations at a given load in 
a given series. 

9. Seismic Tests 
9.1 These tests demonstrate the capability of an anchor to 

withstand a simulated seismic event. 
9.2 Equipment-Any suitable testing or loading system 

shall he used as provided for in the Apparatus section. 
9.3 Number of Test Specimens-For determining the aver- 

age tension or shear capability of the anchorage system, 
perform at least five tests per anchor size and type unless 
otherwise specified. 
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9.4 Seismic Test Procedure: 
9 
. 
4.1 Tension Test-Position the loading system as de- 

scribed 
in 8.4.1. 

9.4.2 Rare and Level of Loading-Apply test loads and 

cycles in accordance with it specified program to simulate 

seismic requirements. 
9.4.3 Shear lest: 
9.4.3.1 Shear Test Direct-Loading Procedure---Position the 

loading system in accordance with 8.4.2 as shown in Fig. 3. 

9.4.3.2 Shear Test Indirect Loading Procedure-A struc 

tural member with a prcdrilled hole or an installed anchor is 

secured to the shaker table with bearing angles and tie-down 
bolts. The steel weight is then set over the hole or the installed 

anchor. This weight is secured to the structural member by the 
anchor (see Fig. 4). 

9,4.4 Rate of Loading: 
9.4.4.1 Direct Loading and Rate Procedure-Apply test 

loads and cycles in accordance with a specified program to 
simulate seismic requirements. 

9.4.4.2 Indirect Loading Rate Procedure-Use the seismic 
shear test specified program given by the specifying authority. 
Inspect the anchor for failure or any suspected damage after 
each set of cycles. 

9.4.4.3 Instrumentation for Indirect Shear Test- 
Accelerometers attached to the shaker table, structural mem- 
ber, and steel weight are used to monitor the input and output 
acceleration-level forces. 

9.4.4.4 Once the cyclic test has been completed, the anchor 
shall be subjected to a shear test to determine its residual 
strength in accordance with the Apparatus and the Failure 
Criteria section, if required. 

10. Fatigue Tests 

10.1 Equipment-Any testing machine as described in the 
Apparatus section shall be used provided the requirements of 
specific loading rate and accuracy are met. The configuration of 
the test systems shall be such that no resonant vibrations are 
produced during the tests. 

10.2 Number of Test Specimens-The number of test speci- 
mens shall be based on the purpose of the test. If the objective 
is to obtain runout at or below the endurance limit (that is, 
2X 106 cycles) at a given load, then three samples that reach 
runout are sufficient. If the test objective is to determine the 
maximum load that will reach runout (the endurance limit), 
then tests in accordance with Practice E 468 shall be per- 
formed. 

10.3 Fatigue Test Procedure-Apply the specified fatigue 
test program, including the method, load levels, frequency, and 
number of cycles. 

10.4 Once the cyclic test has been completed, apply a static 
tension load in accordance with the section on Static Tests to 
determine its residual strength and failure mode in accordance 
with the section on Failure Criteria. 

11. Shock Test 
11.1 Equipment-This test method is not intended to pro- hibit the use of any testing or loading device which provides 

the performance described in the Apparatus section. 

11.2 Number of Test Sppeeimen. s--"Thc purpose and type of 
the shock test will determine the number of test speciniens. 

1 1.2.1 If the purpose is to determine if an anchorage system 
will withstand a specified shock load (magnitude and duration), 
at least three anchors shall be tested per anchor size at a given 
load and duration. 

II 2.2 If the purpose is to determine the maximum shock 
loading an anchorage system is capable of withstanding 
without failure, a suitable test method such as a staircase 
method shall be used to obtain an anchorage failure. Three 
separate anchor tests at a given load without failure shall be 
sufficient to establish the maximum shock capacity of the 
anchorage system. 

11.3 Shock Test Procedure: 
11.3.1 Tension Test-Position the loading system as de- 

scribed in 8.4.1. 
1.3.2 Shear Test-Position the loading system as described 

in 8.4.2. 
11.4 Rate of loading Tension or Shear-Apply a specified 

number of shocks to each anchor in a triangular (ramp) loading 
rate with a total application of 30 ins per shock, or as otherwise 
specified. After application of the shock loads, the anchors 
shall be tensile tested in accordance with the Static Tests 

section to measure residual static tensile capacity, if required. 

12. Failure Criteria 
12.1 Emend and Displacement at Failure-Determine the 

maximum test load and the corresponding displacement for 

each assembly tested. 
12.2 Failure Modes-Failure occurs by one or more of the 

following modes: 
12.2.1 Failure of the structural member in a shear-cone 

mode. 
12.2.2 Failure of the structural member with or without 

cracking that radiates outward from the location of the anchor- 
age device, resulting in a pullout of the anchor. 

12.2.3 Pullout of the anchor. 
12.2.4 Failure of the bond between the anchor and the 

structural member. Displacement failure is evidenced by con- 
tinuous displacement associated with a constant or decreasing 
applied load. 

12.2.5 The fracture of any component of the anchoring 
device including hardware accessories shall constitute failure. 
Some anchorage systems require deformation to become ef- 
fective. This provision does not apply to that deformation. 

13. Report 

13.1 Report the applicable information listed in Practice 
E 575, all information pertinent to the type of test performed 
(static, seismic, fatigue or shock. cracked or untracked con- 
crete), and specifically include the following: 

13.1.1 Dates of test and date of report; 
13.1.2 Test sponsor and test agency; 
13.1.3 Identification of anchors tested: manufacturer, model 

type, material, finish, shape, dimensions, and other pertinent 
information, such as cracks and other defects; 

13.1.4 Description of the anchorage system tested and 
physical description of the structural member, including di- 
mensions. installed reinforcing, etc.; 
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13.1.5 Detailed drawings or photographs of' test specimens 
before and after testing if not fully described otherwise; 

13.1.6 Physical strength properties ut the structural member 
into which the anchor(s) ate embedded including mix design of 
the concrete, aggregate type, 28-day compressive strength, 

compressive strength at time of test, and age of the structural 
member at time of test; 

13.1.7 Description of the procedure, tools and materials 
used to install the anchorage system, and any deviation from 

those specified; 
13.1.8 Age, in hours or days of anchorage system, since 

installation, where applicable; 
13-1.9 Moisture condition, at time of test of structural 

member in percent of oven-dry weight where applicable. The 

moisture content of the structural member at time of test is 
determined by several methods, including drying of small 
samples to constant weight or use of moisture meters; 

3.1.10 Temperature conditions at time of installation and at 
time of testing curd any other temperature experience which 
affects anchor performance; 

13.1.11 Embedment depth of the installed anchors in mm 
(in. ); 

13.1.12 Amount of torque applied to the anchor prior to 
testing; 

13.1.13 Description of test method and loading procedure 
used and actual rate of loading; 

13.1.14 Number of replicate specimens tested; 
13.1.15 Individual and average maximum load values, in 

kN (lbf), per embedded anchor, standard deviations and coef- 
ficients of variation, where applicable; 

13.1.16 Individual and average displacement values at ulti- 
mate loads (A,., Js, or both), in mm (in. ) and standard 
deviations, or where appropriate load versus displacement 
curves, as plotted directly, or as reprinted from data acquisition 
systems; 

13.1.17 Description of the nature and type of failure exhib- 
ited by each anchor tested, including where appropriate, 
individual and average fatigue life values (IV71 1/ ) in numbers 
of fatigue load cycles or the runout number of fatigue load 
cycles; 

13.1.18 Photographs, sketches, or word descriptions of the 
failure nodes observed; 

13.1.19 Summary of findings; and 
13.1.20 Listing of observers of tests and signatures of 

responsible persons. 

14. Precision and Bias 
14.1 No statement is made on the precision or bias of these 

test methods, since the test results indicate only whether there 
is conformance to given criteria and since no generally 
accepted method for determining precision and bias of these 
test methods is currently available. The information provided 
herein on the specimens, instrumentation, and procedures 
makes the results intractable to calculation of meaningful 
values by statistical analysis for precision and bias at this time. 

15. Keywords 
15.1 anchors; cast-in-place anchors; chemical anchors; con- 

crete elements; expansion anchors; fatigue; masonry elements; 
post-installed anchors; seismic; shock; static; tensile/shear 
strengths; test methods 
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Standard Test Method for 
Pullout Strength of Hardened Concrete' 
Il- . i. uul. uýl n I.. uid umJir Ilii ncicl dirru. innn 1,01 11 ihr 1i1111114'1 11n11 r. 1 1niilh Iullm ing Ihc dcagnancm mrlrritc, the %ccU of 

nnpttn. ll . rJul, hnn ui. In Ilri .. nc crI tr'l'inn Ow tii, u it I. nl Ic'rann \ nuinhil Iri pmcnthc. e% indir. rtc% thi )car crl laýl Icapprmal A 

, ulet, crrpt ip. drm le r mdn ati. an cdrtcmal chinyc , inci thi I. l. l Ict i. iun IT rcahpmval 

1. Scopt.. * 

1.1 'i'bis test nuthud rovers determination of the pullout 

. trength ul hardened Concrete by nºeasuring the force required 
It) hull air embedded metal insert and the attached Concrete 
rragnºenl from if concrete test <pecinºen or strucunc. The insert 

1, either cast into the fresh concrete or installed in hardened 

ouncrete. 
I. 2 The values stated in Si units are to be reeaided as the 

tuntlard. The values given in parentheses are for infurnºation 

purposes only. 
1.3 The text ul this test method references notes and 

1, ot ioies which provide explanatory material. These notes and 
fm(Ilotes (exclu(ling those in tables and figures) shall not be 

, ansidered as rcilmucnºents of this tell nºethod. 
1.4 71ris standard does not pieipoi t to address all of tier 

, rfrtc c nnrrrn. c, if (fill', associated rrith its use. It i. c the 
/crmsihility of fill, user of this . vtamlard to r. vuhlislr alilrro- 

Driute saf tv and livalth priaiic'rs and drternünr the opplic'ii 
, ýln of ie'. i, tdaturt limitations prior to its(,. 

'.. Referenced Documents 

'_. I ASTitf . Standard. : 
C : 4I(' 39N1 'Fist Method in ('untpressive Strenyth ut Cy- 

lindrical ('uncietc Specimens 
('670 Practice for Preparing Precision and Elias Statements 

for "hest Methods for Coristruction Materials' 
E4 Practices for Force Veil heat ion of 't'esting Machi ties 
1.74 Practice of Calibration of Force Measuring Instru- 
monts for Verifying the Load Indication of "testing Ma- 
chines` 

Summary of Test Method 
IA metal insert is either ease into fresh concrete or 

', Ialled into hardened concrete. When an estimate of the 
Place strength is desired the insert is hulled by means of a 

ThI% Ic\t methyl is under the jurisdri i un of ASTM Committee ON on 
. rte and ('oncrete Aggregates and is the direct reslx, nsihtlity of Sutx: ununntcc 
'4 on Nondcstruchvc and In-Place 'Testing 
. Went edition approved Aug 10.2(X)1. Published (Atohcr 21X11 Ungio: rlly 
'hcd as C 4(X) 781, 

. 
Last pies ions edition ('')1X1 44. 

Wed Rrn, 1 n) AS7AI 
. 
S7ur, J, nd,. Vol 041)2. 

,., )rr,,,, k , IAS/IAt. Sn, ndu, h. S�I (I I)1 

jack rractim, against a bearing ring. The pullout stl-ength is 
cleterntinect by measuring the maximum force required to pull 
the insert twin the concrete mass. 

4. Significance and Use 

I. I I-or a gnvcn concrete and it given test apparatus, pullout 
strengths can be related to compressive strength test results. 
Stich strength relationships depend on the contiguration of the 
embedded insert, hearing ring dimensions. depth of embed- 
ment. and level of strength development in that concrete. Prior 

to use. these relationships must be established for each system 
and each new combination of concreting materials. Such 

relationships lend to be less variable where both pullout test 
, pecinºens and compressive strength test specimens are of 
similar size, compacted to similar density, and cured under 
similar conditions. 

Nit I -Pub fished reports 11-161' hs different is>carchers present 
Iheir expericarres in the use of pullout test equipment. Refer to ACI 229 IR 

1141 Im guidance on establishing a strength relationship and interpreting 

lest results. The Appendix provides a means for : ompanng puII-ow 

simctt mhs Obtained using dithcrent configurations. 

4.2 Pullout tests are used to determine whether the in-place 

strength of concrete has reached a specified level so that, for 

example: 
(1) post-tensioning may proceed: 
(2) forms and shores may he removed: of 
(3) winter protection and curing may he terminated. 

In addition, post-installed pullout tests may be used to 
estimate the strength of concrete in existing constructions. 

4.3 When planning pullout tests and analyzing test results, 
consideration should be given to the normally expected de- 
crease of concrete strength with increasing height within a 
given concrete placement in a structural element. The mea- 
sured pullout strength is indicative of the strength of concrete 
within the region represented by the conic frustum defined by 
the insert head and bearing ring. For typical surface installa- 
tions, pullout strengths are indicative of the quality of the outer 
tone of concrete members and can he of benefit in evaluating 
the cover zone of reinforced concrete members. 

I-hc boldface number ictcr to the li. t of rrlrrrnce, at the eri t ut ihn Ic, l 
nn"Ihod 

"A Summary of Changes section appears at the end of this standard. 
R511. t tnk'rrmhonal. I(X) Bdn Hart- Dnve. PO Bur U lx). We,. l ConsLohrx Aen, PA 19428 2959. United States 
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-{. "I ('ast in I)I; irr ins tls tr(Iunt, thal Ihrti It 1ý alWns in the 

slructurc" hr I)IannrtI in adC; IIIrC ut cunctrtr I, I; trrturnl. I'ust 

installed insrlts ran Irr Irl; uril at ; tny dc"ll cd local loll ill 111L. 

sU'uctuR" Im)%idrtl thr trcIuirrmrnls uInI MC saUstird. 
4.5 This tesi nu"thuRl is 110t aI)I1Iirahle to ulltet Iýhrs ut 

pOsi-inSlallrtl tesIS ih, tt" It Irstril to t; ulutr. (10 I1411 in%olsr the 
sanu failurr mrrhanisnt and (I(, nWI I)141(lurr thr s; unr 0,111r 
frustum as (I it, c; tsl in I, Ltrr Irrt. II(rl 

5. Apparatus 
5.1 'I'll(- altpalalu. Ictlunc. 1111 cc h; nlt ', III . ý. Icnl I lnlll 

out insert, it loadint, . ̀ . will, and it Ioad nlc&, urin0 . N. ICIn 
(Note 2). FM' Irtr. I-instalIcd insClt., a(1dilional et{ull)nlCnl 
includes a corC drill, a"rindinp whccl it) hrCparc a flat bcallng 
surface, it millinr loul to undctcut it t Ioovc to rng, Igc the 
insert, and an expansion tool to Cxlruul hie insert into the 
groove. 

Mill 2A rcnrci-Dull hydcnilü i. i( k cc ilh n \uh, hlc tur\\wr pgc Will 
hcuinp ring have hccn used sauaarrintI' 

5.1.1 ('ast-'1l-l)laee inserts shall he made ut rrre"tal that does 
nut react with cement. The insect shall ron1, ist of a r\ lindrir; tl 
head and a shalt to lix crnhedrncnt depth that 11, attached lirnrly 
to the renter of the head (see Fig. I ). The insert shalt shall be 
threaded to the insert head 1, u that it can rrnuN'ed and replaced 
by a stronger shalt to pullout the insert, nr it shall he an integral 
part Of the insert and also Iunc"Iiun AS the Iwllout shall. Metal 
Components of cast in place inscrl~ ; tnd attachment hardware 
shall he of siuril: u rnateital to I)ICVenI ('al\ai1Ic Cu)rr(isiun. 
Post- installed inserts shall he designed so that Ihcy will lit into 
the drilled holes, and can he expanded suhsecluenlly to lit into 
the grooves that arc undercut at a predctcrn)ined depth (sec Fig. 
2). 

Nom 3A successllll post -installed system uses a split , lip that is 

coiled to Ill into the vole link alul then expanded info tile glomt. 

5.1.2 The loading system shall consist of ;I hearing ling to 
be placed against the hardened concrete surface (see Figs. I 
and 2), and a loading. apparatus with the necessary Ioa(I- 
measuring devices that can he readily attached to the pullout 
shaft. 

5.1.3 The test apparatus shall include centering leatures to 
ensure that the hearing ring is concentric with the insert, and 

FIG. 1 

f--'r-, i df" U6J 
. 

(i ' 

Schematic Cross Section of Cast-in-Place Pullout Test 

slat Srrtlarc 

dý 

i r:; -5ion T-, 

yi, i n i., u i. n Tul ; ý. t i: d ImsrI.. p. 1 i. i. r. . -, 
I and r �, i ýabla n.. 

(c) Expand insert 

FIG. 2 Schematic of Procedure for Post-Installed Pullout Test 

that the applied load is axial to the pullout shaft. perpendicular 
to (lie hearing ring. and uniform on the hearing ring. 

5.2 F, quipnlent dimeltsions shall he determined as follotts 
(we Figs. I and 2): 

5.2.1 The diameter of the insert hea! 010 is the basis for 
defining the test geometry. The thickness of the insert head and 
the yield strength of the metal shall be sufficient to avoid 
yielding of the insert during test. The sides of the insert head 
shall be smooth (see Note 5). The insert head diameter shall be 
greater than or equal to 21'1 of the nominal maximum size of 
aggregate. 

Nett 4--Typical insert diameters are 25 and 30 nun (I and 1.2 in. ). but 
larger diameters have been used (1,3). Tests (15) have shown that nominal 
mtaxinniiii aggregate sizes tip to 1.5 tithes the head diameter do not halt 

significant effects on the strength relationships larger aggregate size, 
stay result in increased scatter of the test results because the particles can 
restrict normal pullout of the conic frustum. 

Non. 5- Cast-in-place inserts may be coated with a release agent to 

mininiire bonding with the concrete, and they may he tapered to minimize 
side friction during testing. The insert head should be provided with the 

means, such as a notch, to prevent rotation in the concrete if the insert 

shaft has to be removed prior to perfommng the test. As a further 

precaution against rotation of the insert head, all threaded hardware should 
he checked prior to installation to ensure that it is free. turnine and can be 

easily removed. A thread-lock cotttpound is reconuncnded to prevent 
loosening of the insert head frost the shaft during installation and during 

vibration of the sunvun(ling concrete. 

5.2.2 For cast-in-place inserts, the length of the pullout 
insert shaft shall he such that the distance from the insert head 

to the concrete surface (li) equals the diameter of the insert 
head (d; ). The diameter of the insert shaft at the head ((it) shall 
he no more than 0.60 times the head diameter. 

5.2.3 For post-installed inserts, the groove to accept the 

expandable insert shall be cut so that the distance between the 

groove and concrete surface equals the insert diameter after 
expansion (c1,1. The difhercnce between the diameters of the 

undercut groove and the core hole (c1z) shall he sufficient 
to 

prevent localized failure and ensure that a conic frustum i' 

+ 

(cl) Install bearing nng and lnadmg systee, 
pullout insert assembly 

da : 1.25 d3 

20J, 
ý <d: 2.4 d" 

tý tiu: rnny 
nnp 
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, \tra. 'ted clurinr! [lie trst (,, cc Now (rl The c\Itandctl rinp , IIaII 

hCar unlt'urtnIN un thc cntirc heariný area nI the tlruu\c. 

ý,, ii tý \ rurr h dr ýhamctcr ul Iý nuu Itl? I In. l anýl ; ur umlrrrut 
ihanu"Ier All 'i 111111 II in l have heen tied , urreS. tully 

Inwrts "hall hr Ittratrd in those portion" (it Ihr ýtruLturr that 

'"l The hearing ring. shall have an inside diameter Icli) of 
ll to _'. -i limes the jmrtt head diameter, and shall ha%c an 

urtside diameter ((!., ) of at least I. 25 tilucs the inside dianreter. 

the thickness of the ring (f) shall he it [east 11.4 tinter the 

ullu a mscrt head dianu"Irr. 

5?. 5 Tolerances for dimensions of the pullout test inserts. 

;, caring rung and emhednu"nt depth shall he '2 within a 
jvcn system. 

Nate 7-- fhe lunits tai dimensions and cuntigurarruns tin Iwlluul test 

:,. tts anJ a1)JIM M is ; ere iutcnded m arronunodate s arluus .y stmt.. 

5 2.6 The loading apparatus shall have sutlicient capacity to 

provide the loading rate prescribed in 7.4 and exceed the 
tt; txinnun load expected. 

No tR Ilydiaulic pumps that provide it constant loading rate nia 

, oe more unilorni lest results than pumps that apply the load uttennit- 

cnds 

527 The gage to measure the pullout force shall have a 
least division not larger than 5 `Yc of the minimum value in the 
amended range of use. 

N , ii 9-I=ot the moll accurate results, gages should have a ma\iniunt 
inlue indicator that preserves the vahw of the ultimate load when ulumauc 
tiilure and subsequent stress release occur. 

5.2.8 Pullout apparatus shall he calihratcd in accordance 
ttith Annex Al at least once it year and after all repairs. 
calibrate the pullout apparatus using it testing machine verified 
in acconlancc with practices l; 4 or it ('lass A load cell as 
defined in practice F 7-1. The indicated pullout force based nn 
the calibration relationship shall he within +2 rye of the force 
measured by the testing machine or load cell. 

6. Sampling 

6.1 Pullout test locations shall be separated so that the clear 
pacing between inserts is at least eight times the pullout insert 
head dianietcr. Clear spacing between the inserts and the edges 
of the concrete shall be at least four times the head diameter. 
Inserts shall be placed so that reinforcement is outside the 
eepeeled conicaI failure surface by more than one hat diameter, 
or the maxinuun size of aggregate, whichever is greater. 

Non. I(t-A reinforcement locator is recommended to assist in avoid 
r,; reinforcetucm when preparing (first-installed tests. Follow the manu- 

ticturer's instructions for proper operation of such devices. 

6.2 When pullout test results are used to assess the in-place 
strength in order to allow the start of critical construction 
'operations, such as fornnvork removal or application of' post 
irnsioning, at (east five individual pullout tests shall he 
pcrformtcd as bellows: 

6 . 2.1 For a given placement, every I I5 m 150 yd`), or a 
traction thereof, or 

62.2 For slabs or walls, cverv 470 m' (500 112), or a fraction 
Thereof. of the surface area of Otte face. 

are rntüal in terms of' exlu, suue conditions aneI sUUcturaI 
reyuirenu"nis. 

When hutlout tests ve usaI for other rurfsrs. the 
number of tests shall he determined hy the sheiifiet 

7. Procedure 
TI ('rust-irr I 'lrrrr lrrsrrts. 
7.1.1 Attach the pullout inserts to the lorms using bolts or 

by other acceptable methods that firmly secure the insert in its 
proper location prior to concrete placement. All inserts tin the 
same tests shall be embedded to the saute depth and each shaft 
shall be perpendicular to the formed surface. 

Nun. II --Inserts may he manually placed lulu untormed horiiontal 

concrete surfaces. The insetts should he embedded into the fresh Concrete 
by means that ensure a unifirm embedment depth and a plane surface 
perpendicular to the axis of the nrsert shell. Installation of inserts should 
he pertornted or supervised by experienced personnel. Experience indi- 

cates that pullout strengths are of lower value and more 5a liable Itir 

manually-placed surface inserts than for inserts attached to the torniworl:. 

7.12 When the concrete is to be tested, remove all hardware 

used for securing the pullout inserts in position. Before 

mounting the loading system, remove any debris or surface 
abnormalities to ensure it smooth hearing surface that is 

perpendicular to the axis of the insert. 
7.2 Post-Installecllnserts": 
7.2.1 The selected test surface shall he flat to provide if 

suitable working surface for (It-illing the core and undercutting 
the groove. Drill a core hole perpendicular to the surface to 

provide if reference point for subsequent operations and to 

accommodate the expandable insert and associated hardware. 
The use of an impact drill is not permitted. 

7.2.2 It necessary. use a grinding wheel to prepare it flat 

surface so that the base of the milling tool is supported firmly 
during test preparation and so that the hearing ring is supported 
uniformly during testing. The ground surface shall he perpen- 
dicular to the axis of- the core hole. 

7.2.3 Use the milling tool to undercut a groove of the correct 
diameter at the correct depth in the core hole. The groove shall 
be concentric with the core hole. 

Now 12- -"t'o control the accuracy of these operations. a support system 
should be used to hold the apparatus in the proper position during these 
steps. 

7.2.4 If water is used as it coolant, remove free-standing 
water from the hole at the completion of the drilling and 
undercutting operations. Protect the hole from ingress of 
additional water until the completion of the test. 

Non. 13-penetration of water into the failure cone could affect the 
measured pullout strength, therefore, water must he removed from the 
hole immediately after completion of drilling. grinding. and undercutting 
operations. It the test will not he completed immediately after preparation 
of the hole, Water must not he allotted to enter the hole before completing 
the test. 

7.2.5 Use the expansion tool to position the expandable 
insert into the groove and expand the insert to its proper size. 

7.3 Bearing Ring-Place the bearing ring around the pullout 
insert shaft, connect the pullout shaft to the hydraulic ram, and 
tighten the pullout assembly snugly against the bearing surface. 
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checkirle IU NLT that lilt' ht-, 11inL III, I, ce"nlete"(I MMIlld tilt- 

shaft and (lush againsl tile C()Ilclctc. 
7.4 Loading kale, ; 1ppIv load at it undrnrn rate so that the 

nonunal normal stiess on the assunle"d conical fracture surface 
increases at it rate of 70 ' 30 kPals (Note 1.3). It' the insert is 

to he tested to rupture of tht- concrete, load at the specified 
uniform rare until ruprrue occurs Record the maximum gage 
reading to the nearest halt of the (cast division on the dial. It 

the insert is to he testet) only to a specified level for acceptance, 
load at the specified uniform tale until the specified pullout 
load is reached. 

N4 , ii 1.1 - The I,,. nhnl rue i, 1w, IIitd 111 term. of a ncannlal . tuess rate 
to accununodaiv dt0enent . ICS of putlour rest sy. Ietl11. See ApIwildlx Xl 

for the tumnula relating the nttntinal normal %ties.: urd the pullout load. 

I-'()I a Ilulluut test system In which r/, = 25 ntnt aitd cl, = 55 nun, the 

spccifled stress rate corresponds to a loading tale of approximately 0.5 
0.2 kN/s. It this system is used. the tames of the tunics to complete :I rest 
fur ditlcrent anticipated ultimate pullout loads would he as follows: 

Anticipated Pullout Load. Minimum Time. Maximum Time 
kN SS 
10 14 33 
20 29 67 
30 43 100 
40 57 133 
50 71 167 
60 86 200 
70 100 233 
80 114 267 
90 129 300 
100 143 333 

7.5 Rtýjeetion-- Reject a test result it one or more of the 
following conditions are encountered: 

7.5.1 The large end of the conic frustum is not a complete 
circle of the saute diameter as the inside diameter of the 
bearing ring; 

7.5.2 The distance from the surface to the insert head (! r in 
Fig. I or Fig. 2) is not cqual to the insert diameter: 

7.5.3 The diameter of the groove in a host-installed test is 

not equal to the design value; 
7.5.4 "lie expanded insert diameter in a post-installed test is 

not equal to the design value; or, 
7.5.5 A reinforcing bar is visible within the failure zone 

after the conic frustum is removed. 

8. Calculation 
8. I Convert gage readings to pullout force on the basis of 

calibration data. 
8.2 Compute the average and standard deviation of the 

pullout forces that represent tests of a given concrete place- 
ment. 

9. Report 

'). I Rehort the R)lk)v ini information: 

I I)IIIK'nsllýn Of thr Iniltuut MICH : uiit hc": uin1- rin:. 
IsKI"tCn W Ul"nnC UtnlCnsüln\l, 

9.1.2 Identification hs %Ohich the specilic location 
pullollt Ic st can latrr be clrtrrniinccl, 

of the 

9.1.3 Date and time when the Pullout te, l was performed. 
1). 1.4 For tests to failure, IM 0611111111 pullout load of indi- 

vidual tests. average. and standard deviation, kN tlhtj. For tests 
to a specified load. the pullout load applied in cacti test, kN 
tlhtl. 

9.1,5 Description of any surface abnormalities beneath the 
reaction ring at the lest location. 

9. I. 6 Abnormalities in the ruptured specimen and in thr 
loading cycle. 

º). I 
.7 

Concrete curing methods used and moisture condition 

of the concrete at time of test, and 
9. I. 8 Other information regarding unusual job condition, 

that may allect the pullout strength. 

10. Precision and Bias 

10.1 Provision-Based on the data sununart cd in 
A('1 228.1 R (14) for cast-in-place pullout tests with embed- 
unent of about 25 nun (I in. ), the average coefficient of 
variation for tests made on concrete with tnaxintum aggregate 
of I) rant ('rS in. ) by a single operator using the same test 
device is K V. Therefore, the range in individual test results. 
expressed as a percentage of the average. should not exceed the 
following: 

Number of Tests Acceptable range, (percent of averagel 
5 31 r 

7 34 °6 
10 36% 

Similar values of within-test variability have been reported 

for post-installed pullout tests of the same geometry as 

cast-in-place tests (15). 

Norf. 15-If the range of tests results exceeds the acceptable ranee. 
further investigation should he carried out. Abnonnal test results could tx 

due to improper procedures or equipment malfunction. The user should 
investigate potential causes of outliers and disregard those test results for 

which reasons for the outlying results can be identified positively. If there 

are no obvious causes of the extreme values, it is probable that there are 

real differences in concrete strength at different test locations. These 
differences could be due to variations in mixture proportions, degree of 

consolidation, or curing conditions. 

10.2 Bias-The bias of this test method cannot be evaluated 
since pullout strength can only he determined in terns of this 
test method. 

11. Keywords 
11.1 concrete strength; in-place strength; in-place teting: 

pullout test 

' flux number rcptc%cnt% the 1 I. ', 1 limit 
. 

dc, nhcd in I'r:.. tI c (, 670 
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, kNN! ": \ 

(NlandatnrY Infurmatiunl 

Al. ('A1. II1RA'1'ION OF 1'l11. L0[I"I'-1l1'I)1t: ý1'LI(' LOADING til'ti7EN1 

A 1.1 The ohjective of the calihratiRm Iiroceelure is to 

, tahli, h aI lahon hil> hrlý+rrn the rradur, Of the Inrllout t>rce 

ntea; uung systerr> and the ten, ile force in the haft used to 

pullout the insert. 'I'bis relationship is established n, ing alter- 

native all>roache, a, indicated in I"i '. .\II. In general. 

; alihration 
is achieved hww c>>rrelating the gage reading 01' the 

pullout luadin, , ýstenr with the torre measured by a testing 

machine that has be"c"n verified in acclgelanCe with Practices 1? 4 

or a C"las, A load cell that has been calibrated in accordance 
kith Practice F. 7.1. 'I'he tune interval hemeen testing machine 
verifications or Toad cell calibrations shall he as defined in 
Practices l? 4 or li 74. 

AI? I'usitinn the hulluul I4 tLIiný system oil the force 

j Fixed crosshead 

Q 
FFM 

Pl 

Pullout loading 
system 

//ý`JFixed crosshead 
, ýý 

ý\\\ \\ \\ \\\ - 

J 
Machine Piston 

a) Calibration using compression testing 
machine 

F7 
ý U 

EM 

V111111A N r////A 

Gage 

k\ll \ qggqmp 
K 

measurement apparatus. Align all components so that the 
pullout force is concentric with the loading svstertr and the 
farce nreasurentent system. tIse spherical . seats or other similar 
means to nrinintize bending effects in the loading system. 

Nair \[, I- When a compression-test ing machine is ux"d in measure 
the force. the hearing blocks should he protected against dmnage 
('old-tolled steel plate at least I3 mill I' _ in t thick is recommended. 

A1.3 Using the pullout loading system, apply increasing 
loads over the operating range, and record the gage reading and 
the corresponding force measured by the testing machine or 
load cell. Take readings at approximately IO load levels 
distributed over the operating range of the pullout loading 

system. 

hm 

\21 w V, 

I 

C--! ý 
U 

Gage 

pper crosshead 

Loading rod 

Fmmý\ ý K 

Lower crosshead 

b) Calibration using tension testing 
machine 

Pullout loading 
system 

Compression 
load cell 

Iii 
c) Calibration using tension load cell d) Calibration using compression load cell 

FIG. A1.1 Schematics of Acceptable Methods to Calibrate Pullout Load Measuring System 

-1 3 



jä, '; C 900 

; tiiin AL 21 uu\aluc", ut Inrrr , huulcl hc ic. mh"J in lie ialtht; iltun 
Mmrr>, hrcau, r Iltc rllr. l, of lncUun tu. iti nunccturr , W'nth. ant riicn> 
Ihr tnanntarturc"r , huulci hcc, nlr ihr nMc"tauny I llllLc of 111C pullout 
IuaJing ýu"m. 

A I. 4 I)sing, readings uhtainrýl ýlurin, calihratiun luacling, 

calculate : ut al, I, n, I, riatc regression ryuatiun thc" Irast- 

syuams rune-filling method. 

Noii AI.. t Appendix X' pruvidc, ý all example no illu. Ir. iir ihc dccrl. 

t rlHnetlt ufa ca! iIII at irm ryuatiurt At Id huun. il rrJurmatiun t. Iýruýi,! ý. ý1 , - Practice I. 74. 

A I. 5 The difference between the h ice based un the 
regression equation and the force measured 1w the tcstin_, 
machine or the load cell shall not be greater than - -, (( of the 
measured force over the operating range. If this tolerance is n,; 
met, the pullout loading system shall not he used until thic 
reyuiretuent is satisfied. 

AI'PE NI)1XES 

INunnetndatur} Information) 

\ 1. STRESS ('AL('111. AT1ON 

XII When a stress calculation is desired. compute a 
nominal normal stress on the assumed conical fracture surface 
by dividing the pullout force by the area of the frustum and 
multiplying by the sine of one-half the apex angle (see Figs. I 
and 2). Use the following equations: 

f;, (/'/, lltiin (X1. l) 

sill «- (d, d, U2. ti (X(? ) 

;i= ns(d, + d., 112 (zi 3) 

s V/, = r((d, - d, 12)' (X i. a) 

where: 

�= nominal normal stress, MPa (psi). 
P= pullout force, N (IN), 

(t - 112 the frustum apex angle, or tan-' (d, - i_ (/2i(. 
:1- fracture surface area. nun2 (ill. 2). 

(l_ = diameter of pullout insert head, mm (in. ), 
dr = inside diameter of bearing ring or large base diameter 

of assumed conic frustum, mm (in. ), 
h= height of conic frustum, from insert head to larie- 

basc surface, mnº (in. ). and 
S= slant height of the frustum, nim (in. ). 

X I. 2 The above calculation gives the value of the average 
normal stress on the assumed failure surface shown in Fig. I 
Because the state of stress on the conic frustum is not uniform. 
the calculated normal stress is a fictitious value. The calculated 
normal stress is useful when comparing pullout strength' 
obtained with different test geometries that fall within the 
limits of this test method. 

X2. EXANIPI. F. '1'O ILLUSTRATE CALIBRATION PROCESS 

X2. I This appendix provides an example to illustrate the 
development of the calibration equation to convert the gage 
reading on the pullout loading system to the force acting on the 
insert. Table X2. I shows data that were obtained using the 
procedure in the annex. The first column shows the gage 

reading and the second column is the measured force. 

X2.2 Fig. X2. I shows a plot of the data in Table X2.1 alone 
with the best-fit straight line to the data. A straight line w'a` 
fitted using a commercial computer program for graphing and 
statistical analysis. The equation of the line is shown in the 

TABLE X2.1 Example of Calibration Data and Residuals After 
Regression 

Gage Reading, kN Measured Force, kN Residuals, kN 

20 1.6 0.03 
50 4.8 0.09 

10.0 10.5 -0.16 
150 15.8 -0.02 
200 21.2 0.03 
25,0 267 -0.03 
300 32.0 0.12 
35.0 37.4 0.16 
400 42,8 0.21 
4S 0 486 -0.14 
WO 54.2 -0.30 
550 59.4 -0.06 
60.0 64.5 029 

table of results on the graph and is as follows: 

P(kNl -0.55+ 1,089 G (kN) IN' i 

where: 
P= estimated pullout force, kN, and 
G= pullout force indicated by gage of pullout luadin 

system, kN. 
The column labeled "error" in the table shown within Fis 

X?. I represents the standard deviation of the estimated intro 
cept and slope. The low values of these standard deviation' 
indicate that the intercept is not zero and that the slope is fl 
equal to I. W. 

X2.3 Fig. X2.2 is a plot of the residuals of the best-tit lint 
as a function of the measured force. These residuals are'IhoNO 
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in the third column of Table X2.1 and are the differences 
between the estimated force based on the best-lit equation and 
the measured force (Column 2 in Table X2.1). Also shown in 
Fie. X2.2 are the '_2 °, 4, limits required in accordance with 
5.2. K. It is seen that with the exception of the first three points, 
the residuals are Well within the permitted tolerance. Thus, the 
calibration relationship for this particular apparatus satisfies the 
requirements of 5.2.8 provided that the pullout force is greater 
than about 10 kN. 

X2.4 Fig. X2.2 shows that the residuals are not randomly 
distributed but appear to have a periodic variation with the 
level of force. This indicates that the true calibration equation 
is not it straight line. However, because the residuals are well 
below the ±2 `70 limits, it is not necessary to try to fit a higher 
order (polynomial) equation, and the straight line is adequate. 
Additional discussion on fitting higher order equations is 
provided in Practice E 74. 
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SUMMARY OF CHANGES 

The following changes to this test method have been incorporated since the last issue: 

(1) 5.2.8 was revised to indicate the minimum accuracy of the 
measured pullout force. 
(2) 7.4 was revised and specifies the loading rate in terms of the 
nominal tensile stress. Note 14 was added to provide guidance 
on implementing the new rcyuirement. 

(3) The Annex was revised and includes more guidance on 

acceptable calibration methods. 
(4) A new Appendix X2 was added to illustrate the treatment of 
calibration data. 
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GANTT CHART 

Semester I (FYP 1) 2 FYP 11 
Month 789 10 11 12 1 2 3 4 5 6 

No. Activities\ Week 1 2 341 23 4_I 2341 2 3 141112 13 4 1 2 3 4 
_11213141 

1121314 111213141 1121314 1 234 1 23 4 
1 Submission of project proposal 

_ 

2 Data collection & revision 
3 Submission of progress report I 
4 Analyze data for literature review 
5 Preparation of experimental setup 
6 Submission of progress report If 
7 FYP I oral presentation 

8 Preparation of concrete foam work 
Actual progress 

9 Mixing and casting of concrete 
Actual progress 

10 Curing 
Actual progress 

II Submission of progress report 
12 Poster presentation 
13 Submission of dissertation report 
14 Pul-out test 

Actual progress 
15 FYP II oral presentation 
16 Submission of report (hardbound) 


