
              

City, University of London Institutional Repository

Citation: Zavliaris, K.D. (1990). Mechanical behaviour of adhesive anchors installed in 

concrete. (Unpublished Doctoral thesis, City University London) 

This is the accepted version of the paper. 

This version of the publication may differ from the final published version. 

Permanent repository link:  https://openaccess.city.ac.uk/id/eprint/7534/

Link to published version: 

Copyright: City Research Online aims to make research outputs of City, 

University of London available to a wider audience. Copyright and Moral Rights 

remain with the author(s) and/or copyright holders. URLs from City Research 

Online may be freely distributed and linked to.

Reuse: Copies of full items can be used for personal research or study, 

educational, or not-for-profit purposes without prior permission or charge. 

Provided that the authors, title and full bibliographic details are credited, a 

hyperlink and/or URL is given for the original metadata page and the content is 

not changed in any way. 

City Research Online:            http://openaccess.city.ac.uk/            publications@city.ac.uk

City Research Online

http://openaccess.city.ac.uk/
mailto:publications@city.ac.uk


MECHANICAL BEHAVIOUR OF ADHESIVE 

ANCHORS INSTALLED IN CONCRETE 

KONSTANTINOS D. ZAVLIARIS 

VOLUME 2 

Figures, Plates and Appendices 

A thesis submitted for the degree of Doctor of Philosophy 

Department of Civil Engineering 
City University London 

June 1990 



C0NTENTS 

VOLUME 2 

0 

1. FIGURES 

Page 

Fig. 1.1. Types of chemical anchors ...................... 19 

Fig. 1.2. Failure mechanisms of adhesive anchors ......... 19 

Fig. 1.3. Interrelations of the ways chosen to approach 

the mechanical behaviour of adhesive anchors ... 20 

Fig. 1.4. Progressive failure of an adhesive anchor ...... 21 

Effect of distributed shear and radial stresses 

induced in concrete by pulling out of an 

adhesive anchor ................................ 21 

Fig. 1.6. Splitting mode of failure ........................ 22 

Fig. 1.7. Force interaction between a threaded bolt and 

surrounding 22 

Fig. 2.1. P=P(6) law after Biviridge /2/ ..... 00060000 9999 23 

Fig. 2.2. P=P(b) relationship after Sell /4/ ............. 23 

Fig. 2.3. Experimental setup used by Eibl et al /5/ ...... 24 

Fig. 2.4. Local bond-local slip relationship after 

Eibl et al. /5/ ....... 24 

Fig. 2.5. Influence of elevated temperatures on the 

local bond-local slip relationship after Eibl 

et al /5/ .................. ooooo9oo6000, oo999so9 24 

Fig. '2.6. Stresses in an adhesive anchor after 

Farmer /6/ ....................................... 24 

Fig. 2.7. Distribution of shear stresses along an anchor 

after Farmer /6/ .................................. 25 

Fig. 2.8. Distribution of steel str ains along the anchor 

-2- 



Page 

axis after Farmer /6/ ................. osee. o. 25 

Fig. 2.9. Local bond-local slip law after Rehm and 

Franke /7/ ..................................... 25 

Fig-2.10. Influence of load duration and ambient 

temperature on slip, after Rehm and Franke /7/. 25 

Fig. 2.11. Determination of anchorage length after Rehm 

et al /7/ in relation to expected values, of 
0 

slip ..................................... ; .... 26 

Fig. 2.12. Concrete cone failure after Daws /8/ ........... 26 

Fig. 2.13. Time dependent characteristics for 75mm bond 

length after Daws 26 

Fig. 2.14, Double coned concrete failure after Lee 

Mayfield et al /9/ ............................ 26 

Fig. 2.15. Creep performance of adhesive anchors after Lee 

et al /9/ .......................... 27 

Fig. 2.16. Ductile load deflection behaviour after Canon 

et al /10/ .................................... 27 

Fig. 2.17. Dependence of the pull-out load on ambient 

temperature after P. P. Wachtsmuth and 

Eligehausen 27 

Fig. 2.18. Dependence of anchor slip on the duration of 

loading and ambient temperature, after P. P. 

Wachtsmuth and R. Eligehausen /11/. e. ooooesoo 28 

Fig. 2.19. Concrete block used by Kobarg /12/ ............. 28 

Fig. 2.20. Dependence of the development length on con- 

crete strength after Kobarg /12/ ............... 28 
1 

Fig. 2.21. Assumed law Cb'ýCb (x) for concrete after 

Kobarg /12/ ...................................... 29 

Fig. 2.22. Strain and displacement distribution along the 

-3- 



Page 

anchor after Kobarg /12/ ....................... 29 

Fig. 2.23. T=T (6) diagram after Kobarg /12/ ............. 30 

Fig. 2.24. Dependence of embedment length on hole and 

anchor diameter, particles size and concrete 

strength after Kobarg /12/ .................... 30 

Fig-2.25. Bond stress distribution along the anchor, 

after Kobarg /12/ .............................. 31 

Fig. 2.26. Steel stress distribution along the axis after 

Kobarg /12/ .................................... ý31 

Fig. 2.27. Crack zone of an adhesive anchor under tensile 

loading after Peier /13/ ....................... 32 

Fig. 2.28. Calculated pull-out ultimate load curve and 5% 

and 95% fraction curves from experimental 

results according to Eligehausen et al /14/.... 32 

Fig. 2.29. Dependence of anchor slip on the duration of 

loading and ambient temperature, after 

I 
Eligehausen et al /14/ .................. ee. e. 33 

Fig. 2.30. Reduction of ultimate pull-out load as a 

function of crack width after Eligehausen et al 

/14/ ............................................ 33 

Fig. 2.31. Mohr-Coulomb failure contours, after James 

et al . /l/ ...................................... 33 

Fig. 2.32. Predicted non-linear stress-displacement 

relationship after James et al /l/ .... ý.. *, seeoeo 33 

Fig. 2.33. P-6 relationship as reported-by different 

authors ........................................ 34 

Fig. 2.34. Local bond-local slip law as reported by 

different authors ................. 00*0000000000 34 

Fig. 3.1. Complete and incomplete wetting of the 

-4- 



Page 

substrate ....................... ooooooooooooooo 35 

Fig. 3.2. Microtopography of a system of adherent - 

adhesive after Fiebrig /17/ ................... 35 

Fig. 3.3. Schematic illustration of covalent, ionic and 

metallic bond, after Fiebrig /17/ ....... *99o*eo 36 

Fig. 3.4. Secondary forces: a)Keesom forces b)Debye forces 

c)London forces d)Hydrogen bond... 36 

Fig. 3.5. Energy potential as function of the distance 

between centres of loads, after Fiebrig /17/.. 37 

Fig. 3.6. Types of failure ............................... 37 

Fig. 3.7. Low and great contact angle of an adhesive with 

a solid, after Fiebrig /17/ .................... 38 

Fig. 3.8. A realistic model of contact between the 

substrate and adhesive with air bubbles in the 

interface ....................... ooooo. 9.99.38 

Fig. 3.9. Intermolecular forces in the interior and 

surface molecules of a liquid, Fiebrig-/17/.... 38 

Fig. 3.10. Conditions across a liquid-solid interface. 

Schematic illustration by Fiebrig /17/ ......... 39 

Fig. 3.11. Equilibrium conditions of a'3 phase system 

(Solid-Liquid-Vapour) ............ ooooooooooosoo 39 

Fig. 3.12. Zisman's plot.... ............ ... 40 

Fig. 3.13. Capillary height; ........ 40 

Fig. 3.14. Losses of bond strength-after Allen /35/ ....... 40 

Fig. 3.15. Elliptical crackin a uniformly, stressed, 

infinite lamina .... 40 

Fig. 3.16. G and K values for dif f erent adhesive joints, 

after Kinloch-/15/ ............................. 41 

Fig. 3.17. Induction of stresses in an adhesive anchor due 

to shrinkage of the adhesive; --after Gent /40/.. 42 

- 



Page 

Fig. 3.18. Butt joints (under tension) .................... 42 

Fig. 3.19. Single lap joint analysed by Volkersen /18/ ... 43 

Fig. 3.20. Shear loaded joints with (a) thin and (b) thick 

adhesive layer, analysed by Gent /40/. ooooooooo 43 

Fig. 4.1. a)Schematic configuration of thermoplastics 

long chain molecules in space. b)Schematic 

configuration of a cross-linked polymer 

molecule, after Arridge /41/ ................... 44 

Fig. 4.2. Curing of epoxy resin after, Schutz /43/ ........ 44 

Fig. 4.3. Schematic configuration of EP resin and 

hardener after Shaw /44/ ....................... 44 

Fig. 4.4. Possibilities of formation of polymer compo- 

sites after Charnecki and Puterman /32/ ........ 45 

Fig. 4.5. Chemical structure of epichlorohydrin - 

- bisphenol A epoxy resin reported by 

Furr /45/ ....................................... 45 

Fig. 4.6. Chemical bond between quartz aggregate and 

epoxy resin, reported by*Fiebrig /27/ .......... 46 

Fig. 4.7. Schematic configuration of Polyester resin, 

after Shaw /44/.. ý ............................. 46 

JFig. 4.8. Effect of aromatic diluent addition on tensile 

properties of epoxy resin, after Furr /45/ .... 46 

Fig. 4.9. Change of viscosity of EPR by isothermic 

increase of ambient temperature, after 

Fiebrig /50/ ................................... 47 

Fig. 4.10. Physical and-chemical changes during the curing 

process, after Furr /45/ .......... 47 

Fig. 4.11. Stress-strain diagrams for cured EP resin 

(a): after Conrad /. 54/ (b): after Fiebrig /50/... 47 

- 



Page 

Fig. 4.12. Effect of ratio "aggregates to resin" on the 

strength, after Seidler /48/ ....... **oooo*ooooo 48 

Fig. 4.13. Effect of aggregates on the thermal coefficient, 

after Furr /45/ ... 
48 

Fig. 4.14. Rate of strength gain of an epoxy mortar, after 

Furr /45/ ............................ seessoo. 48 

Fig. 4.15. Effect of time under load on: a)strain (constant 

load) and b)stress relaxation (constant strain)f 

of epoxy systemst after Furr /45/... osseesooooo 48 

Fig. 4.16. Effect of temperature on "a-c" relationship of 

epoxy system under compression, after Hertig 

/53/ ............ 49 

Fig. 4.17. Effect of temperature on tensile strength and 

elongation and on the modulus of elasticity of 

a resin after Furr /45/ ............ ooo, osoooo 49 

The components of an adhesive anchor system.... 50 

Fig. 5.2. Internal axial forces and'displacements of the 

components of an adhesive anchor slice ......... 50 

Fig. 5.3. Envelopes of shear interfacial bond-'Cc. r(z), 

steel tension P, (z) and resin tensile strain 

er (Z)............................ 51 

Fig. 5.4. System of coordinates used by Mindlin /55/ and 

simulation of the forces acting on the concrete 

by pulling out the anchor ....................... 51 

Fig. 5.5. Distribution of steel, resin and concrete 

strains and of interfacial concrete-resin shear 

stresses derived from theoretical analysis of a 

particular system .......... 
52 

-7- 



Page 

Fig. 6.1. The model analysed by finite element elastic 

analysis ........ 53 

Fig. 6.2. The slip elements used in the finite element 

elastic 54 

Fig. 6.3. Results obtained from the linearly elastic 

finite element analysis (steel and resin strain 

distribution due to an axial pull-out load P=10 

kN) .................... 0000000900*00*00*0006096 55 

Fig. 6.4. Results obtained from the linearly elastic 

finite element analysis (interfacial shear 

stress and concrete strain distribution due to 

an axial pull-out load P=lOkN) ......... qe**e*** 56 

Fig. 6.5. Results obtained from the linearly elastic 

finite element analysis (steel and resin strain 

distribution due to an axial pull-out-load P=10 

kN) ............................................ 57 

Fig. 6.6. Results obtained from the linearly elastic 

finite element analysis (interfacial shear 

stress and concrete strain distribution due to 

an axial-pull-out load P-10 kN) ................ 58 

Fig. 7.1. Outline sketch of, the specimen ................. 59 

Fig. 7.2. Precast mortar cube and, prism for carrying the 

concrete strain gauges. Test series Nol ...... 60 

Fig. 7.3. Load - slip relationship obtained from tests 

series-No 2 ..... ................. 0*0090*00000*000 61 

Fig. 7.4. Experimental set up ..................... 000*000 62 

Fig. 7.5. Experimental set up - Elevation I-i ............ 
63 

Fig. 7.6. Experimental set up - Detail D3 of the coupling 

device and the LDT for the measurement of the 

-8- 



Page 

1 ip 000000a0000f00000*090*e9*o9oao*9ee*99oe9. e64 

Fig. 7.7. Experimental set up - Detail D1 (steel and 

resin strain gauges) ........................... 
65 

Fig. 7.8. Experimental set up - Detail D2 of the concrete 

block with the precast cubes carrying the 

strain gauges ............................. 0 ..... 66 

Fig. 7.9. Experimental set up - Detail D4. Fixing of 

specimen to loading machine ........ gooe. o. oo 67 

Fig. 7.1P. Loading frame converting the upward movement 

of the piston of the machine to tension. s.... 68 

Fig. 7.11. Experimental set up for pull-out of group of 

anchors (specimen 3.30) ........................ 
69 

Fig. 7.12. Experimental set up for the pull-out of the 

anchor placed near the edge (specimen 3.31) .... 70 

Fig. 7.13. Formwork for casting the concrete specimens 

and fixing the precast mortar cubes-. 066eeeeeee 71 

IFig-7.14. Direct shear tests ............................. 
72 

Fig-7.15. Direct shear specimens used., 4090400, oosooes 73 

Fig. 7.16. Resin tensile tests ....... 
74 

Fig. 7.17. Resin tensile set up. Detail D6 ............... 75 

Fig. 7.18. Effect of a)anchor free length and deflection 

of concrete specimen, and b)eccentricity of the 

needle of LDT ........ 76 

Fig. 7.19. Configuration of the data acquisition and 

recording 77 

Fig. 7.20. Test series No. 2. Details of tests ............ 78 

Fig. 7.21. Test series No. 2. Details of tests ............ 79 

Fig. 7.22. Grading of the aggregates 80 
I 
Fig. 7.23. Initial specimens for the direct shear test.... 81 

Fig. 7.24. Calibration of the tension transfer system ..... 82 

-9- 



Page 

Fig. 7.25-7.57. P=P(b) curves for each test ............. ... 83 

Fig. 7.58-7.9l. Summary of the most important data for 

each test (anchor details, plan and 

sections of failure surfaces, P-6 

results, fit curve to P-6 results) ......... 116 

Fig. 7.92. Tests-4-01,4.02 (partially bonded anchors) .... 150 

Fig. 7.93. -Tests 4.03-4.04 (partially bonded anchors) ..... 151 

Fig. 7.94. Tests 4.05-4.07 (partially bonded anchors) ..... 152 

Fig. 7.95. Comparison'of the fundamental law P=P(b) for 

different types-of adhesives ................... 153 

Fig. 7.96. Comparison of the fundamental law for 

different-values'of embedment lengths .......... 153 

Fig. 7.97. Comparison of-the -fundamental law P=P(b) for 

different types of anchor ...................... 154 

Fig. 7.98. Comparison of the fundamental law for 

different anchor diameters ....................... 154 

Fig. 7.99. The effect of concrete strength on the 

fundamental law P-P(b), ***eo*@**** 100*0000*0*000155 

Fig. 7.100. The effect of the-method of insertion of resin' 

on the P-P(b) relationship 

Fig. 7.101. The influence of the thickness of resin, on 

the P=P(b) relationship ........................ 156 

Fig. 7.102. The influence-of the eccentricity of the 

anchor on the P=P(b) curve ..................... 156 

Figý7.103. The influence of the method of drilling ........ 157 

Fig. 7.104. The effect-of the size of specimen on the 

relationship P=P(6) ............................ 157 

Fig. 7.105. The"effect of the amount of reinforcement ....... 158 

Fig. 7.106. The relationship P=P(b) for different modes of 

failure 

- 10- 



Page 

Fig. 7.107. The group and edge effect on the P=P(5) 

relationship ................................... 159 

Fig. 7.108. Dependence of ultimate pull-out load on 

concrete strength .............................. 160 

Fig. 7.109. Effect of concrete strength on anchor dis- 

placement ...................................... 160 

Fig. 7.110. Effect of embedment length on the ultimate 

pull-out load .................................. 161 

Fig. 7.111. Effect of embedment length on the anchor 

displacement ................................... 161 

Fig. 7.112. Effect of the diameter of the anchor on 

ultimate pull-out load and the anchor dis- 

placement .................. ................... 162 

Fig. 7.113. Effect of the thickness of resin on the pull- 

out load and on the anchor displacement ........ 163 

Fig. 7.114. Effect of the type of anchor ................... 164 

Fig. 7.115. Effect of the type of adhesive ................. 165 

Fig. 7.116. Effect of the sizeof specimen ................. 166 

Fig. 7.117. Effect of the amount of reinforcement .......... 167 

Fig. 7.118. Effect of the method of drilling, the inje- 

I ction of resin and-the eccentricity of the 

anchor ......................................... 168 

Fig. 7.119. Specimen 3.01. Point C1. Concrete strains ...... 169 

Fig-7.120. Specimen 3.01. Point C3. Concrete strains ...... 169 

Fig-7.121. Specimen 3.01. Resin strains ................... 170 

Fig-7.122. Specimen 3.01. Steel strains ................... 170 

Fig. 7.123. Specimen 3.02 (1=7.0d). Point C1. Concrete 

strains ......................... soooeoggeowe, 
171 

Fig. 7.124. Specimen 3.02 (1=7.0d). Point C2. Concrete 

stratins ........................................ 
171 

-II- 



Page 

ýFig. 7.125. Specimen 3.02 (1=7.0d). Point C3. Concrete 

strains ........................................ 172 

Fig. 7.126. Specimen 3.02 (1=7.0d). Resin strains .......... 172 

Fig-7.127. Specimen 3.02 (1=7.0d). Steel strains .......... 173 

Fig. 7.128. Specimen 3.03 (1=5d). - Point C3. Concrete 

strains ........................................ 173 

Fig. 7.129. Specimen 3.03'(1=5d). Resin strains ............ 174 

Fig. 7.130. Specimen 3.03 (1=5d). Steel strains ............ 174 

Fig. 7.131. Specimen 3.04 (plain bar). Point C1. Concrete 

strains ........................................ 175 

Fig. 7.132. Specimen 3.04 (plain bar). Point C3. Concrete 

strains ........................................ 175 

Fig. 7.133. Specimen 3.04 (plain bar). Point C3. Concrete 

strains ........................................ 176 

Fig. 7.134. Specimen 3.04 (plain bar). Resin strains ...... 176 

Fig. 7.135. Specimen 3.04 (pain bar). Steel, strains ....... 177 

Fig. 7.136. Specimen 3.14 (C50). Point Cl. -Concrete 

strains ........................................ 177 

Fig. 7.137. Specimen 3.14 (CSO). Point C2. -Concrete 

strains .......................................... 178 

Fig. 7.138. Specimen 3.14-(C50). Point CIO Concrete 

strains ......................................... 178 

Fig. 7.139. Specimen M5 (ribbed bar). Resin strains ...... 179 

Fig. 7.140. Specimen 3.05-(injection of resin). Steel 

strains .......................................... 179 

Fig. 7.141. Specimen 3.15 (injection of resin). Resin 

strains ........... ooooooooooosoooooo*ooo*oo*o*9180 

Fig. 7.142. Specimen 3.15 (splitting mode). Steel strains. -181 

Fig. 7.143. Specimen 3.17 (non shrink grout). Point Cl. 

Concrete strains ............................... 182 

- 12 - 



Page 

Fig. 7.144. Specimen 3.17 (non shrink grout). Point C2. 

Concrete strains ............................... 182 

Fig. 7.145. Specimen-3.17 (non shrink grout). Point. C3. 

Concrete strains.. ý ............................. 183 

Fig. 7.146. Partially bonded anchors. P=P(b) and T=T(b) 

relationships obtained experimentally .......... 184 

Fig. 7.147. Local bond - local slip law for concrete to 

concrete adhesive joints ....................... 185 

Fig. 7.148. Local bond, - local slip in concrete to steel - 

adhesive joints .... **so*** *so* o so o, o so* o 9185 

Fig. 7.149. Local bond -local slip for steel to steel 

adhesive-joints ................................ 186 

Fig. 7.150. Resin tensile test for C1380 type of resin ..... 187 

Fig. 7.151. Resin tensile test for LV type of resin ........ 188 

Fig. 8.1. Comparison of the steel strains and dis7 

placement and the resin strains derived 

from theoretical and finite element 

analysesýwith those obtained experimentally.... 189 

Fig. 8.2. Comparison, of interfacial concrete-resin 

shear stresses calculated by theoretical 

analysis with those computed by finite 

element analysis, and of concrete strains 

derived from both analyses with those 

, obtained experimentally ........................ 190 

- 13 - 



Page 

2. PLATES 

Plate 1 : The experimental set up ........................ 191 

Plate 2 : The experimental set up.. ........ 0 ................ 191 

Plate 3 : Fixing of concrete specimen on the testing 

machine ......................................... 192 

Plate 4 : Details of the experimental set up .............. 193 

Plate 5 : Detail of'the slip measuring device (LDT) ....... 194 

Plate 6 : Failure surface with the precast mortar cube 

carrying the concrete strain gauges .............. 195 

Plate 7 : Failure surface with the precast mortar cube 

carrying the concrete strain gauges. Close-up.,. . 195 

Plate 8 : Typical-combined mode 'Of failure ................. 196 

Plate 9 : Typical combined mode'-of failure., Close-up ...... 196 

Plate 10: Typical combined mode of failure ................. 197 

Plate 11: Typical combined mode of failure ................. 198 

Plate 12: Split specimen .................................... 199 

Plate 13: Failure surface of split specimen ................ 200 

Plate 14: Failure surface of split specimen. Close-up ..... 200 

Plate 15: Details of split specimen ....................... 201 

Plate 16: Details of split specimen ....................... 202 

Plate 17: Split specimen .................................. 203 

Plate 18: Typical bond failure ............................ 204 

Plate 19: Typical bond failure ............................ 205 

Plate 20: Typical combined mode of failure ................ 206 

Plate 21: Double cone of concrete failure ................. 207 

Plate 22: Detail of the double cone of failure ............ 208 

Plate 23: Double cone of concrete failure ................. 209 

Plate 24: Double cone of concrete failure. Close-up ....... 210 

Plate 25: Concrete failure cone profiles .................. 
211 

Plate 26: Resin failure at the bottom ..................... 
212 

- 14 - 



Page 

Plate 27: Resin failure at the bottom ..................... 212 

Plate 28: Detail of resin failure at the bottom ........... 213 

Plate 29: Detail of resin failure at the bottom ........... 214 

Plate 30: Detail of resin failure at the bottom of split 

specimen ........................................ 215 

Plate 31: Detail of bond failure at the bottom of anchor.. 216 

Plate 32: Resin failure at the bottom ..................... 217 

Plate 33: Details of the ribbed bar-resin interface ....... 217 

Plate 34: Details of the ribbed bar-resin interface. 

Close-up ........................................ 217 

Plate 35: Failure of resin in- the case of -threaded anchor. 218 

Plate 36: Detai. 1 of the threaded anchor-resin interface ... 218 

Plate 3 7: Details - of the threaded - anchor-res in interf ace. .2 18 

Plate 38: Pull-out test of partially bonded anchor ........ 219 

Plate 39: Pull-out test of partially bonded anchor ........ 220 
0 

Plate 40: Pull-out test of partially bonded anchor ........ 221 

Plate 41: Pull-out test of partially bonded anchor ........ 222 

- 15- 



Page 

3. APPENDICES 

APPENDIX A: CALqULATION OF ULTIMATE STRENGTH OF, DIFFERENT 

CONCRETE-RESIN JOINTS 

Ultimate tensile strength of a concrete-resin 

- butt joint ...................... ............ A. 1 

A. 2.: Ultimate shear strength of a concrete-resin 

single lap joint ...... A. 2 

A. 3.: Strength of a concrete-resin double shear 

joint ............................. .......... A. 3 

A. 4.: Calculation of stress and strain of each 

. component of the, standard model according to 

theoretical analysis ............. *9999-seee A. 4 

A. 4.1.: Jnterfacial Bhear Btress -r **oootooosoooso * A. 5 

A. 4.2.: Steel force A. 5 

- A. 4.3.: -Resin strain .............................. A. 5 

A. 4.4.: Distribution of stresses and strains at. 

P=10 kN ................................ sooo A. 6 

A. 4.5.: Steel displacement at P=10 kN ............. A. 7 

A. 4.6.: Concrete strains 

A. 4.6.1.: Contribution of shear forces .......... A. 8 

- A. 4.6.2.: Contribution of radial pressure ........ A. 9 

A. 4.6.3.: Calculation of values of lateralýforces A. 10 

A. 4.6.4.: Mindlin solution for interfacial shear 

forc es( SA )**,, *0*0**0***, 000000*000000A. 12 

A. 4.6.5.: -Mindlin solution for lateral pressure. - 

A. 4.6.5.1: Forces (Hl 
.,, 

)+(HI 
.2 

)+(HI 
.3 

)I(Sb. I 

A. 4.6.5.2: Forces (H, 
. ý, 

)+(H2.2 )+(H2.3 )f (Sb 
.2)ýA. 

14 

A. 4.6.5.3: Forces (H3 
.1 

)+(H3.2 )+(H3.3 )f(Sb. 3 ).. A. 15 

A. 4.6.5.4: Forces (H4.1 )+(H4.2 )+(H4.3 )r (Sb 
.4). 

A. 16 

- 16- 



Page 

A. 4.6.5.5: Stresses due to (Sb. 1 )+(Sb. 2 )+(Sb. 3) 

+(Sb 
.3)............................. 

A. 17 

A. 4.6.5.6: Overall stresses and strains ........ A. 17 

A. 4.6.5.7: Calculation of the first crack load. A. 17 

APPENDIX B: MINIMUM SIZE OF PULL-OUT SPECIMENS ACCORDING 

TO BS 5080 PART 1-1974, AND ASTM 488.81 ...... B. 1 

Appendix C: FINITE ELEMENT ELASTIC PARAMETRIC ANALYSIS 

Data ........................................ C. 1 

C. 2: Correction of the resin values obtained ..... CA 

C. 3: Calculation of the first crack load ......... C-5 

C. 4: - Some of the results of the finite element 

C. 6 

APPENDIX D: CHARACTERISTICS OF THE MATERIALS USED. 

SUPERPLASTICIZERS - C. 1380 - LV - GEL-PMMA 

GROUT - NON SHRINK GROUT ............ ooo*ooeo* D. 1 

APPENDIX E: CALIBRATION OF TESTING EQUIPMENT ............. E. 1 

APPENDIX F: CALCULATIONS OF DEFLECTION OF THE CONCRETE 

SPECIMENS UNDER CONCENTRATED LOAD OF P=10 kN 

AT THE CENTRE ................................ F. 1 

APPENDIX G: AUGMENTATION FACTOR OF THE LATERAL SURFACE OF 

OF A THREADED BAR IN RELATION TO THAT OF 

PLAIN CYLINDER ............................... G. 1 

-17- 



Page 

APPENDIX H: CALCULATIONS FOR NORMALIZATION WITH RESPECT 

TO CONCRETE STRENGTH OF DIFFERENT TEST 

RESULTS IN ORDER TO OBTAIN COMPARABLE VALUES. H. 1 

APPENDIX I: CALCULATIONS TO CORRECT THE VALUES OBTAINED 

FROM TESTS 4.01,4.03 ........................ I-1 

a 

APPENDIX J: CALCULATED DESIGN EXAMPLE OF A PARTICULAR 

ADHESIVE ANCHOR .............................. J-1 

- 18- 



� 

I 

adhesive 

x 

XV/ 
/ 14, 

threaded anchor ribbed anchor 

Fig. 1.1. Types of chemical anchors 

I 

tP 

11 
of 

le 

Ao 
(a) 'concrete cone failure (b) splitting (c) bond 

ce concrete failure 

Anchor 

A 

U 

fatowre surfate PU3 

ft ft CO S. -D. 
pi 

(e) combined failure 
Cý 

U2 
ft sin. 

C C3 
-4 Pul ft 
4 

Fig. 1.2. Failure mechanisms of adhesive anchors 

adhesive 

-19- 

I 

(d) steel failure 



Mechanical Behaviour of - Ad 

Effect of Adhesion 

Fracture mechanics 
approach of inter- 
-facial failure 

cross check of 
adhesive properties 

I Experimental ývork I 

Test s er ies No 1 (2 tests) 

Ai m: 

-Decision on the fixing 
of strain gauges of con- 
crete. 
Decision on the- 
dimensions of specimen 
and the anchoi diameto 

Theoretical 
analysis of 
the adhesive 
anchor. 
Aim: 
Calculation 
ofinternal 
forces. 
Correlation 
of the results 
with those of 
experimental 
work 

Finite element 
elastic. 
analysis ý of 
the spec i men 
used. Aim I 
Calculation 
of strainsof 
the structural 
combonents. 
Parametric 
analysis . 

Results 
Adoption of precast 
mortar cubes as car. 
-riers of concrete 
strain gouges. 

Test series No 2 (7 tests) 

Test of smaller specimen. 
Identification of the 

Test series No 4 effects of the different 
7 tests parameters resulting in 
of partially the, design of test series 
bonded anchors No 3 
and 9 double 
direct shear 
tests. A; m: 
Conf irmati on of Test series No 3( 34 tests) 
adhesive behaviour 

Identif ic2tion of effect 
of the different variables 
on the mechanical behaviour. 

- Conc Iu sions 
-Suggestions for 

further work 
-Applicability to 

design rules 

Test series No 5 
(2 tests) 
To provide the 
neceSS2ry d2t2 
of resin 

Fig. 1 -3. Interrelations of the ways chosen to approach the mechanical behaviour of adhesive anchors. 

-20- 



' 

A 

Detail A 

Oil 02 

TAIZ 

7 
01! 

h-, 

ý 
ve 

OZ Oil 
Fig'. 1 . 4. Progressive failure of an adhesive anchor 

p 

IS, 

Fig. 15. Effect of. distributed shear and radial stresses induced 
in concrete by pulling out of an adhesive anchor. 

-21 - 



Fig. 1.6. Splitting mode of failure 

RDetail B 

P 

ýi 

y 

Fig. 1.7. Force interaction between a threaded bolt and 
surrouýding concrete. 

-22- 



160 (a)Concrete ancho 
rage pull-out test? 4o 

Resin bond length 130 

450mm, smooth cast lea 
holes. 00 

w 

40 

20 

0 

o rif lal P [KN] 

(b) C: ncrete anchorame 
pull-out tests. Resin bonded 
length 450mmspercussion 
drilled holes. 

40 

01 ýý., L 
Slip 

0 10 70 30 40 so 
t 

Lmrr 

Fig. 2.1 P=P(6) law after Biviridge /2/ 

P [KN] 

80 - 

70- 

60 

50 

40 

30 

20 

10 
V a4d 

rV- 

4, d 

Vag. 5 d 

Va5.0 

9 Failure of bond Max. Load. 
max. load 

0 Beginning of large displacements. 

V Concrete failure. 

INI11,1 -L 
Slip 

23 

Fig. 2.2. P--'p (&) relationship after Sell. 

-23- 



2 Local Bond Strength[NIMM 
1 

360- 
14 

PR M Resin -Mort. 28 d 200C 
pi mortar 27.0 - 

Upper and 9.0 
L lower bond L'20L 

brakes. Local slip 0.1 Q2 03 04 6c, [mm] 
Fig. 2. ý Experimental. set- up - Fig. 2-4. Local. bond-local sliý 

used by Eibl, et al . /5/ relation. *ship after Eibl 
et al /5/ ' 

45D 

36.0 
28d-4o"c 

27.0 - 

18.0 28d 600c 

9.0 

Local SliP 

0.1 0.2 0.3 04 0.5 60 IM MI 

Fig. 2-5. Influence of elevated temperatures on the"local bond- 
local'slip" relationship-after Ei1bl et al. 751 

IR 
grout 

XXO XVL 

r-ax 

bx 
Fig. 2.6 Stresses in an adhesive 'anchor after Fanuer. 

-24- 

Local bond[Nlrnm2j 



Shear CN1 MM21 stress 
calculated from steel strair 
measured 
theoretical curve 

Go 
40 

ab 

40 
0 

600 400 X0 J00 loo 0- Sao 400 

Distance along rod x, [mm] 

Fig. 2.7. Distribution of shear 
stresses along ýhe - 
anchor after Farmer. /6/ 

r, --i 
50 

40 

30 

20 

10 

0 

Steel strains 
[V c- I 

1000 

5w 

Distance along rod x, [, w] 

Fig. 2.8. Distribution of steel 
strains along the 
anchor axis after 
Farmer. / 6/ 

AI, 2,3: Local bond-local slip curves 
for 20* C, with local bond 
calculated as an average of a 
e--3d embedment length for 
commercially available types 
of ribbed bars. 
Al, A2-St 42150, A3 -S t 50155 

Local slip[. 6olmml 
Fig. 2.9. Local bond local-local slip law after Rehm and Frapke/7/ 

I 

Loca 

0.11 - 

0 030 - 50 c 

0.06 - 

IJ7 
ocr? - 

200C 

77 
006 

644b 005 

004 

002 

0.01 
duration of loading [h] 

0., z 'o, ts "0. 'OLS 
01 

Fig - 2.10. lpfluence of load duration and ambient temperature on 
slip, after Rehm and Franke. /7/ 

-25- 



Loca slip[mm] iv 

-tIO d 

w 

OX 

kP v( Fig. 2.10) 

----,. 
-10-02 (from tests)--p-local slip 
. Tb, 02 

cceptanceor not of embedm. 
length. 

dT (102 Bond stress according to tests 

. 10 of the particular reinforcing bar V-10 IV. 
Clio V--? 5d corresponding toaslipofO. 02mm 

A02 Bond stress accor-ding to assumed 
VV-.! S low. corresponding to a slip of 

VIISCI-ý 0.02 mm, Fi g. 2.9 

am ýPV'Value for thecompined Itemperature- 

creep* effect which'applies 
to the instantaneous slip at 
200c. it can be taken from 

0T0.02 
Fig. 2.10 

0.6 CO QG 1.0 12 T*0.02 

Fir. 2.11. Determination of ancnorage length after Rehm et al /7/ 
0 

in i-elation to the expected value of slip. 

DiSplacement 
I (mm) 

02) L 

Fig. 2.12. Concrete cone 
failure after 
Daws. /, ', / 

P 

ft (A 
2 

Assumed stre 
distribution 
on the lower 
cone. 

4-6-4 

0: dz 20mm 

S. c 3110: d. -16mm 

2. S 

0 
9-L 

)W Zoo 300 

Time (hours) 

F. ig0'2.13. - Time dependent charaeteri. srics 
for 75mm bond lenguthý 
after Daws. /8/ 

Nonimal Hole Rebars 
Derths (mm) NLB6 

1 

31.4 /ii8.0" Ultimate load WO 
75 TFT b. dý 

ý. 
Load at 0.1 Mm SliP(kN) 

27.1 31.8 
9-. 8 T" 

31.8 35.9 
97 Ts-. -6 

--. 1 -1.1 TTU rs-. 6 
100 49.9 54.7 

774 7T-., g 
74.9 63-. U 
7670 7" 

125 
180.1, . 70.8 
M. 7rg 

Fig. 2.14. Double coned concrete failure after Lee, Mayfield et al/9/ 

-26- 



Comp. cube strength of concrete =66.5 t4mm 2. 
r slip [m r"I Hole diameter 25 mm 

Ist stage 
Zn stige 3rd stagel 

[ý ý26.4 jkjL4 
100mm bond length 

30.1 Sk I 5kN 

2.0 - 19.8kN 75m bond length 
l2kN l2k 

1.0- 

30 40 so so 100 i2o i4o m iso 
ýo 

Time (Odays) 

Fig. 2.15. -Creep performance of adhesive anchors af ter Lee et al /9/ 

P [K N] 

135.0 - 

90.0 - 

4 5,0 ý 

17 

0 
SI ip [rnrn] 

0 2.5 5D 7.5 10.0 IZ5 

Fig. 2.16. Ductile load deflection -behaviour after' Canon et al /10/ 

Ip 
20ýý P2CP 

04 

04 
L 

0 30 40 w c ow T [c C 

Fig. 2.17. Dependence of the pull-o-ut load on ambient temperature 
after P. P. Wachtsmuth and R. Eligehausen. /117 

-27- 



Slip Irn-I 

3 

0 
in 19 

Tempqature of substrate 

_ýý2-olli- Anchor MI 
P- 25kN - 0.6 Pult 

0,1 0& 0.01 -L L. ___,. 
Time [h] 

Fig. 2.18. Dependence of anchor slip on the duration of loading 
and ambient tamTjerature, after P. P. Wachtsmuth and R. 
Eligehausen. /11/ 

500 

740 

Fig. 2.19. Concrete block used by Kobarg. /12/ 

bond length Iv St 835/1030 

[mrn] 

goo 

400 

200- 

1.00 

0.75 
1.00 

W O. W 
w 0.7% 

CLW 

ds 26.5 m rn 
db 40.0 mm 

____ds: 
36.0 rnrn 

db-- 50.0 m rn 

p 
AS*PZ 

ds : bar diameter 

db: bore diameter 

01 0 p[qm. ý] Concrete itrength 
10 20 30 

-4; so 

Fig. 2.20. Dependence of the development length on concrete strength 
after Kobarg. /12ý/ 

-28- 



Free concrete 
surface 

anchor axis- 

cbconcrete 
strain 

lo. x 

uo 

Ub 
X 

Fig. 2.21. Assumed law Eb = cb (x) for concrete after Kobarg /12/ 

slip [mrn] S tr a in[-/.. ] 

012 - 

0.10 1.0 

0.08- 

0.0.6- 0.6 US 

' 6--Ur'Uib '-U 

OJO 4 -- 0 

\4 

0.02 - 
0-2uý 

0 180 240 
Embendment lenght [rnm] 

Fig. 2-22. Strain 
' 
=d dis lacement distribution along the anchor, 

. after Kobatg 
F1 

2/ 

-29- 



Bond stres 
[Nlmm2] 

10.0 

t 

8.0 

6.0 

4.0 

2,0 

0.00 0.1 02 03 04 

Fig. 2.23 TýT ( 6) diagram after Koýarg /12/ 

Slip 
BPI 

"6 [MMI 

IV PZ(O ý. 4 k) 

ey db 20'2cl-C2. nO255(ýw37 db m 

C, : 5.5 

Parameter of curves: ilds/dk C2: 2.76 

rn*: 1/5,1/7,1/10, 
n -- ES/Eb jratio ot elastic 
moduli of steel and concrete) 

10 X=X OPIM, 0 a) 
PZ-. Tensile strength of 
concrete. 
Ow Comprestive strength 

10 ofconcrete 
tý. 

dLb_ 
U- - I-- ds 

1v : embedm. length 

Ii 

/db: 
hole diameter 

131 
ds : anchor diameti 

0ýI 
10 20 30 40 50 60 

db: hole diameter 
ds : anchor diameter 
dk: particle size. 
[NJ. 

m2i 

Fig. 2.24. Dependence of embedment length on hole and anchor diameter, 
particle size and concrete strength after Kobarg /12/ 

-30- 



r.. --n 
2,4,6,8,10: increasing load levels 

20 

Is 

, -- 
x 

tv 

Fig. 2.25. Bond stress distribution along the anchor, after Kobarg /12/ 

ctaoi ctrpK% rNimm21 

11 

od levels. 

i tv 

Fig. 2.26. Steel stress distribution along the axis after Kobarg. /12/ 

-31- 

000 all als 038 ýw , ýs3 , ý. 75 , um 100 



.7 
failure zone 

V 

Fig. 2.27. Crack zone of an adhesive anchor under tensile loading, 
after Peier 11-31 0 

Pult 
[kN] 

250 

200 - 
950/o fraction curve 

2- - IMM2 
. 
Vfc 

150 -- 
PU -- 0.85 -V .// 

fc = 25 N 

100- 

01- f Lra cti ion c uýr ve 

I/ " 
. 01 

50 "00, 

10,0.1 d [m m] 

Lýý, 

02682 

'0, 

Iw 100 iiO 

-1 

200 V EMM] % 

-Fig. 2'. 28. Calculated pull-out ultimate load curve and 5% and 95% 
fraction curves from experimental results according to 
Eligehausen et al. /14/ 

-32- 



4.0 

2J0 

1.0 

od 

0.2 6\d: 10 : -24 mm 23 C 

0.1 duration of 
J. ;; r loading 

[h] 
03 50 'j 

Fig. 2.29. Dependence of anchor slip on the duration of loading and 
ambient temperature, after Eligehausen and al /14/ 

all 

Po 

Pu. O Pu/I : Ult. Pull load in cracked concrete 
Pu, O : Ult-Pull load in uncracked concrete 

I. 
-II-- L- 0. Crack widthW 0.2 0.4 0.6 

IM MI 

Fig. 2.30. -Reduction of ult. pull-out load as a function of crack width, 
after Eligehausen et al /14/ 

Tensile stress 

123 
0 

2 

3 

7 

$ 

e__ -- 

4 Bolt diýplacernent(mm) ODS 010 0-IS Q20 

Fig. 2.32. Predicted*nonlinear stress- 
displacement relationship 
after James et al. /l/ 

-33- 

'Fig. 2.31. Mohr-Coulomb 
failure con- 
tours, after 
James et al 
/i/ 



'. 

300 

260 

260. Kotary 1121 

6 d= 26,5, do-40,1=240, fc, le-35 Ift 

240. 

1 : Bivridge /2/ d-2o, do=28,1-450mm f =26,5MP& 
2 : Sell /4/ d=12,1=6d=72mm 
3 ; Sell /4/ d=12,1-8d- 
4 : Sell /4/ d=12,1=8.5d-102mm 
5 : Canon et al /10/ 
6 : Kobarg /12/: d=26,5, do=40,1=240mm, fcc -35MPa 

100 0, -9 ... 

goolý 

U ID I. S 2.0 25 U 
ö Ern 

ml 

Fig. 2.33. P- 6 relationship as reported by different 4uthors 

local bond stress [MPa] 

2b 

. 
1-11. 

*lo, 
.... ' 

0* 

35- 
el 

lo, 2a 
WO, 

/ wo bl, 
- 

. *, 

I: Eibl et al. /5/ dI-j6mm 
d=12, do=15mm UP sR 1=36mm 

2: Rehm and Franke/7/. 

2a: St 42/50 RU, UPR 1*36mm, d=12 
2b: d-12,1=36mm, St 42/50RK 

UPR 
3: Kobarg /12/ d=26.5 

lv--500mm, d=28,5mm 

calculated curve 

6.1 0.2 0.3 04 
slip 60(mc) 

Fig. 2-34 Local-bond-local slip law as reported by different authors- 

-34- 



MM 

substrate V&Z&Z&Z&A 

bondline 

incomplete complete 
wetting wetting 

Fig. 3-1 Complete and incomplete wetting of the substrate 

ionm 

0) PROFILE OF THE REAL SURFACE 

lanm 

b) PROFILE OF THE EFFECTIVE SURFACE AS SUM 
OF THE CONTACT AREAS BETWEEN SOLID AND 
ADHESIVE. 

I ionm 

C)PROFILE OF MECHANICALLY EVALUATED SURFACE 
(BY ELECTRIC STYLUS INSTRUMENTS). 

101mmi 

10nm 

d) PROFILE OF THE GEOMETRIC SURFACF. 

Fig-3.2. Microtopogragpy of a system of adherend-adhesivet 
after Fiebrig. /17/ 

-35- 



common valence 
electrons 

electrons cloud 

metal ion 

b: covalent bond 

Fig-3-3. Schematic illustration of covalent; ionic and metallic 
bond, after Fiebrig /17/ 

(a) Interface (b) 

Polar Polar 
e solecul 

+ 

solecul 

Interface 

Non-polar 
molecule 00 

Non-polar 
molecule 

Inatantaneoua Induced 
dipole dipole I 

(d) 

HH 

0. \bo so 

I&xi-polar 
molecule 

Induced 
dipole 

6- 

ti, 6- 1`4 Y 6+ 
Shematic 

so ilustration of Hydrogen 
bond. 

R 
d) Hydrogen bond 

Fig-3-4- Secondary forces. a) Keesom forces. b) Debye, forces 
c) London forces d) Hydrogen bond. 

Interface 

H 

-36- 

c: metallic bond a: ionic bond 



REPULSION 

200-- 

. 
100-- 

E POT 
50-- 

K 'O'L E -1 --1 
50. - 

loo. - 

150. - 
200-- 

250-- 

300-- 

ATTRACTION 

A : COVALENT BOND 
B -HYDROGEN BOND 
C : VAN DER WAALS BOND 

i \c 
B 

ý' - -AL - ý* ---c 7,59 10 
DISTANCE R 

Fig'. 3-5. Energy potential as function of the divtance 
between centres of loads, after Fiebrig /17/ 

Resin 
crack 60 

.0 Concrete e-. 400 -. 0.0,0 

adhesion failure 

-79 Resin 

FOOD 0 crack 
0 

keanoý;, 

_ 

V-- 

U. 

0 
of@! 0 Concre 

-21 

cohesion failure in concrete 

crack 

I; c4po-b of@ *()0 
Concrete 

Fig-3.6. Types of failure. 

, t) %0 C) 
.01, 

d, 0 

0 C. "O 0 
0. Concrete 

crack 

'& 

ý5 00 
goo r-, Resin '0, 

.60(: 
ýý - 

-2L JCL - -: M 
cohesion failure in resin 

-37- 



, ý= contact angle 

Fig-3.7. Low and great contact angle of an adhesive with a 
solid, after. Fiebrig /17/ 

Substrate 

bubles 

i 

Adhesive 

Fig-3.8* A realistic model of the contact between substrate and 
.- adliesive with air bubbles in the interface, 

(D 
0 (L 

00 0 
Fig-3-9. Intermolecular forces in the interior and surface molecules 

of a liquid, Fiebrig /17/ 

CD 

-38- 

hydrophob (b) hydrophil (a) 

Vapour 



OQ C) 00 O/YL 
-oc 0 IQUID 

C:, 

R(D 
L 

VAPOUR 

Ys gm SOLID 

WETTING PROCEDURE 

WETTING 006660 
00000 

%%o 

- 
C: ) C) 4::: ) C) C) 

Ysý 

Fig. 3.10. Conditions across a. liquid-solid interface. Schematic 
illustration by Fiebrig /17/ 

I 
Vapour 

-1 

YLV Liquid 
A 

Ys v 
001 

Söl id l's 

Detail A Free surface 11iCUid 

- vapour 

Free surface Free surface 
"Sol id-vapour. 'I iq id-solid, 

YSv Y, YS v YSL YS L YSL 
- ip y 

ISol id 

Fig-3-11. Equilibriinn conditions of a3 phase system. (Solid-Liquid-Vapour). 

-39- 



Cosine of contact angle 

1.0 

Yc*Critical surface tension 

01 
YC 

Surface tension y 

Fig-3.12. Zismans pl6t 

()o 
2r tI CTY 

i-Z4 Y 
Capillary tube 

LCapill 

2(yL)Cos 0N0 hhpI 

Air 

iquid 

00 
. 3-15. Elliptical crack in a Fig. 3-13. Capillary height. F-Ja - 

uniformly stressed 

Strength 
lamina, analysdd 

.4 
by Irwin /38/ 

z 
0 

-H LIM 4,3 
I z Cd - 

Co a) 
02 

4-1 
. 00 r-A U) 
-P 0 a) 02 F- V2 

EQ (1) 
0 :: 1 4-4 

1-4 rcl 0 (1) 
b. 0 

V2 
- T 

cd C(I 
4-D o a) tLo EO 9.1 V3 a) co Ea bD 
a) 
; 
-4 

'M ý 4-3 
0z1, 

--, 21 
(1) 0 
ý. j r-1 

r. -i -0 4-1 
A 4-3 -+-*j II 

's 
02 0 02 C2 

a) 

--F CO cd 
0 t 

o ab 2 
4- Cl) D 

k--4 4. ') Cd 4J, 1ý4 
:: s to - 

r 
I'D m ls: i 

0z0 
' ý oz 

., I rs a) 
co IL 

A (D 
tit . C) rl o .4 

I 
(D 

- 
4 

Q) 0 -P 
V. 

co Tl a) s 
C4 ýo M Cd ; I_ $4 

(D 
State 

Fig-3-14. Losses of NO strength after Allen /35/ 

-40- 



P 

( cl) 

u =_a 
3-p 

Et D3 

C= u8a3 
P E. t D3. 

dC2 24c 2 

do EAV 

2-2 32 
12P a3EDu 
E. t! P 16 C2 

Ga E UO 2 

( 

Fc 
10 

0 

U' 

-Z£ 

KCaTc Q. -4a (6) 

, [C , 
Fc 

2 b-d (7) 

Q 11 a h-Nj! 0: (a) 
FS 

Oh a -L-[0-0 Its 04-63 ('L)-49-07(f) 
D 

. 61.03 4-t-I 

(C) 

Fig. 3.16. G and K values for different -adhesive joints, after 
Kinloch 1151 and Williams /37/. 

P 

4: 

-41- 

D12 D12 

1'" 



A 

W' 
r d -ý' 

ho-r- 

. -* 
/ 

le // 
I 

/'/ , /-/ /// Wo I 
f1 

Detail 

ho 
ho F 

ho 

d/ 

CY 8 11 eý 24.4 , wo' 
-. t ) 1h 

et 41 

wo 
%0 

/" 

Fig-3-17. Induction of stresses in an adhesive anchor due to 
shrinkage of the adhesive after Gent /40/ 

thin adhesive layerla) 

r 
thick 
adhesive h 
ayer 

(b) 

Fig-3-18. Butt joints (under tension) 

h tAh 

-42- 

WO/Z Wo/Z 

Wo 



ti ZCa 

(Efl ta 

t2 
77' 

Da 

Fig. 3-19. Single lap jo: Lnt analyzed by Volkersen /18/ 
0 

-T bib 

ly, 7or 

ZXZ, 
(b) 

Jh 

Fig-3.20. Shear loaded joints with (a) thin and (b) thick 
j 

adhesive layer, analyzýd by Gent 14(Y 

-43- 



(b) 

Fig-4-1. a) Schematic configuration of thermoplastics long chain 
molecules in space. b) Schhematic configuration of 
a cross-linked polymer molecule, after Arridge /41/ 

00 
,P%#% C_ C--, C-C 

.. 
0 

J# 
0%A typical epoxy resin. Before cure the molecules are not 

C-CC-C crosslinked and are free to moveThe resin is a liquid. 

0 
cc 

J# % .40%+H NR 
C- C--- C-C 

0 OH eke 
.*%II 

By addition of a curing C-C---C-C qR OH H 

agent, in this example NR + H2NR--v- CC 
I 

aprimcry cminethemo- 01 NR 
lecules are crosslinked Cý-%c -----C -C OH I 
into a dense solid .I I OH C--- C-C C- C 

II ON 
OH RN 

C -C--C -C I Ot ým 
Fig-4.2. Curing of epoxy resin after Schutz /43/ 

-iie 1 iii) 
111ý 

(00 0 ft)--0 
Fig-4-3. Schematic configuration of EP -resin and hardener after 

Shaw. /44/ 

-44- 



Polymer composites 

Continuous phase 
Matrix 

I 

Thermoplastic Resin Binder Binder 
Ii I 

Dispersed phase - 
inclusions 

I 

Grains 11 Pores I lReinforc 

Additives II Microlillers I lAggregates 

-Glue SI1: Seclants 
-Primers Mortars 
-iMDreanants -Polvrner 4 

Designed II Not designed 

Dispersed If ibres c ont in uous 

lLa rrlinat es s 

Fig-4-4- Possibilities of formation of polymer composites after 
Charnecki and Puterman. 

. 
/32/ 

0c0H CH3 0 

CHiCH-CH2-0- c-no -O-CH2-CH-CH2,: 0--o 
ýnn 

-O-CHj-CH -CH 2 
ol 

1 xýý2 
CH3 CH3 

Fig-4-5. Chemical structure of epichlorohydrin-bisphenol A epoxy 
resin reported by Furr. /45/ 

-45- 



nterface 

Op..... 

Fig-4.6. Chemical bond betweenqIjartz riggregate and epoV resin, 
reported by Fiebrig /27/ 

Polyester 
resin 

Hardener unblock 
hooks 

Fig-4.7- Schematic configuration Of Polyester resin, after Shaw. /44/ 

25°c] 
Tensile 

12 

ont 
idmd 

Fig-4-8. Effect of aromatic diluent addition on tensile properties, 
of epoV resin, after Furr /45/ 

-46- 

0 10 20 30 



Viscosity [MPG 
-S] Viscosity [MPG-S] 

16000 fps 
fps 

EE9 
9000 

7000 
CPS fps "T=, 

23' C 
14000 

11000 0000 
10000 
ftoo 

Up 7 EP6 
S000 

40010 fps 
9p7 Ep 

SODO 
Era 9F4 3000' 

Era lp 4 Ep 5 
4000 P3 

EPI 
2000., EP3 Epl 

2000 1000 
0 

0 100 200 300 4w t [M in] 
0 

0 30 40 go 80 '00 Iýo " 40 ISO t [min] 

Fig-4-9. Change of viscosity of EPR by isothermic increase of 
ambient temperature, af ter Fiebrig 1501 

Dens i ty 

t '150C 

Density at 120C 
quiv 

I to 

------- j. Y qr-o! y I 

12 24 hours] 

Fig-4-10. Physical and chemical changes during the curing process, 
after Purr /45/ 

[N I rn m2] 
CY 

[N I rn m2] 

150 bo -0A 

I 

"Nown2 40 -/ 

100 / It tension 

30 b 
(C) 

20 60 CDmpresion 

10 -2d/. 230 C 
---7d/230C 

om 

5 Is 0 

I. RUTAPOX 0166 + IPD 01a4 
2-RUTAPOX 0166 +H 550 

Fig. 4-11- Stress-strain diagrams for cured EP resins 
a) dfter Conrad. /51/ 
b) after Fiebrig. /50/ 

-47- 



110 

100 

90 

60 

70 

40 

70 

20 

10 

a [1651c] 

42 
6. 

30 

3 

24 

ý\ýýýSandejfi 

I led 

is. 
epLoxy 

Ia34b07a9 10 

I-' Fig-4.13. Effect of aggregates on 3D 164 a -5 
;09.1 6.3 7.7 7.1 E PR 

I 
the thermal expansion 

Fig-4-12. Effect of ratio -of coefficientj after Lor- 

aggregates to resin on 
maA /52/ 

the strength, after 
Seidler. /48/ 

compressive LN 
strength 

%a* 

7.0 tII 
3A I-t[hId] It 3h iti, I'd - 

J-d 

Fýg-4-14. Rate of strength gain of an epoxy mortar) after Furr /45/ 

Deformation Stress 
35" (MPa) 

Load Removed 

290 Epoxy Mc 
STRESS 

I 

ti t Time 00 MO Time (hours) 

Fig-4-15. Effect of time under load on- a) strain (constant load 
and b) stress relaxation (constant strain), of epoxy systemoi 
after Furr /45/. 

-48- 

Strength 



ey r-i 

r L-i. 1 

Fig. 4.16. Effect of temperature on "a-Ell relationshi -of epoxy 
systems under compression, after Hertig /5 1ý 

.- 

ý-trength, ejorigation 

Tensile strenqth 

Elongation 

E [Njr 
nrn2 

3 
10 

EPON resin 828 
'04 Curino agent Y 

I 
\--- -. 0,1 1 200 0 100 200 300 Temperature Temperature 

Fig-4-17. Effect of temperature on tensile strength and elongation 
and on the modulus of elasticity of a resin. after Furr/45/ 

-49- 



7 

Pi 

Bol t 
Resin 
Shell 

Ti 

or ZI-II 

AS 
Es 

Ar 
Er 

do 

AC '. Concrete section 

Fig-5-1. The components of an adhesive anchor system. 

-F- PP 
2 

d012 L 

d12 t 
Pr*dPr I 

Pc*dPc II Ps#dPS Pr*dPr Pc*dPc 

II1 111111111 TC. R I 
da 

0' 

Y //// 777 7 77A- -c s, 

'R% 

Z Pr PS Pr 

I 

PC PC 

So 

0.00 

As .- --1 

las; 
ýa, r 
-as. i 

;L r# .,:, Wroip. t 
I ýJDcl 

Tsr 

AS 
A 
2 

ýTc 

rdoC. r Cc 

t 

Line "Bs- Bs -Br-Dri- NO. 
Bri- Dri -g-r-l-Dci- D-c 11 

WC 

will be removed to: "B 
sI-Bsi- B-s i- 

Fig-5.2. Int6mal axial forces and displacements of the components 
of an adhesive anchor slice. 

--50- 

r 



interfacial 
shear stress 
'tc, r (Z) 

ZI 

-ce 

z. e 

'Z c (Zo) (Co äht KZ) ) 

91 TO 

Z=O 

xe-, c o-cosh(ke) 

er si-r-nNM-t-) UM 

to Erta) 
(c) 

p02 
Ttdo ESAS 

0-kP 
jSinh(kf))-TId 

Fig. 5.3. Envelopes of shear interfacial bond Tc, r (1), steel tension 
Ps (E) and resin tensile strain ErL 

I 

. -4A(OO. 
C) 

C j3 Z4 4 
L ... ... 

Hýn x 

0 
_, 

Y 4 
23- ff I-C \\I, 

- H1 I X1 
AMA rIft #X(91*bal) YT ýýP(X, 

Y, Z) X3 

3x 

3,2 
-IM (X. Y)/Cxl, Y I)-w Yz) - 12 y2 

C -(X3, y3)-(X4, y4). Hý 2H 43 
H3 

I 
Z2 171 

APO' 
j T3 

H 1.3 (b) 
H 2.3 oy (glmhal) 

Fig-5-4. System of coordinates used by Mindlin /58/ and simula- 
tion of the forces acting on the concrete, by pulling out the 
anchor. 

Resin strain 
Er(f) 

zf 

Steel tensile 
forc e 
ps (E) 

21 

7(ka['r"kzj 

-51- 

Ps(Z) 



Steel strain E. s(ýLE) distri- 
bution. 

ES 
ýmm) I gE) 

0 771 

jo 685 

20 6000 

30 520 

40 440 

50 364 
60 285 

70 216 
80 143 

90 71 

1001 0 

7W SW CS41t) 

Interfacial shear stress 
Tcr (N/MM2) distribution 

Z Tcr 
M) (N M4 
0 2.24 

10 2.21 

20 2.13 

30 2.6 
(m M) 

40 2. OD 

so 195 

Go 1.91 

70 1.88 
so 1.86 

90 1.84 TCr(N mn 
100 1.84 

2.0 

15 7 

Z3 

rs -19 

)5 *2 

1 -174,: Fig 5.4.6 X4 

Section K4- =0 T4=1 8mm. Distribution 'Section 7-4 --0 T4=18mm. Distribution 
of concrete vertical strains of concrete tangential strain 

2 Ezz zI Exx 
(mm) 

1 
(0 E) 

ZIMM) 
(mm Im E) 

Im 5 
11 Z (MMI 15 

101 

15 is 

35 13 

55 13 

75 18 

95 1 25 Elz(gt 

35 7 

55 2 

75 

95 

2 

-3 

20 40 

Fitg - 5.5 Distribution of steel, resin and concrete strains and of 
interfacial concrete-resin shear stresses derived from 
theoretical analysis of a particular system (d=12mm, 
cýr-16mm, t=2mm, 1=100mm). 

Resin strain F-rlgE) distribution 

z 
(MMI 

0 
10 

20 

30 

40 

60 
-50 

70 

i so 
100 

90 

Er 
(PC) 

0 
8 

44 
84 

M 
146 
177 
208 
238 
298 
300 

AOO Er 

Section JR-4= 0 T4"=18mm. Distribution 
of concrete radial strainF-yy(4E 

z Eyy 
(MMI 

J(ýIE) 1 

05 
7 155 -4 

I I- 

-52- 



s pq P90 

DETAIL Do 

al 

y 

H4 HI 

jco 

H3 00 H2 ":; ý0,300, 

-4 
2x-T P 2xt 14 Cl) 

17 

13 

Full depth 
crack 

(e) 

S 

I 

Fig. 6.1. The model analysed by finite element 
elastic analysis. 

Cd) 

-53- 



Si 

le . 
if 

Ile 

slip elements 

6 

sliD elements 

D 2- 

C7 

TL 

e 

4td 

Aýr 

Fig. 6.2. The slip elements used in the finite element 
elastic analysis. 

T 
c ostp 

-54- 

A6, 

slip elements 



1 &. 3 .0 )Finite element models analyzed I 

standard 
model 
t=4mm 

d-8 

t 6.3. b) (63 cl Steel strain c, NO Steel strain cs(uc) 
at Pz1OkN distribution at pz)ON 

2 
FIE 

mod 
(b 

I FE 
mod 
1) 

I FE 
mod 
* 

5 791 792 1 120 
15 629 6341 1014 
25 607 617 1 981 
35 483 4T 806 
45 436 1.51. 73D 
55 336 3% 574 
65 276 298 L87 
75 IV 207 337 
85 121 138 234 
95 

i 
36 40 67 

10 Je 
20 

Anchor slip 

iv 400 
40 
so 300 
60 

70 2001, 
80 
90 100 

100 
LOO Soo 

Es i ILE) 
JL 

z 

305 

140 

i rvtod() 

6,3. d) raprjam cf,, Xin di.. 3, - 
pacm3its mmand with 
tlx)oe oilailated By ilinite 
elment amlysis 

measwed expmimEn- 
tiffly at N-10 Idl 
mean miho cif testa 
3. (77,3.22 

**, mmn valm cf 4)Bd- 
MEM 3.12,3.23,3. CI2 

'Mfermt F. L -11-1 aralyzed 
matýdylg tris =Iwpmirg 

I 6-3. f ) 
Resin stmin Er (4 E) distrihlion 

(6.3 el 
Resin strain cr(uc) 
at P=lOkN 

FE 

(1) 
mod 

I FE 

(1) 
Mod 

I FE 
Mod 

(9) 
FI 
.. d. 

Ol 
5 70 1 70 33 70 
15 t 130 1116 11 130 
25 195 1 53 132 196 
35 189 1 122 49 190 

145 152 1 137 140 154 
55 153 192 96 1 160 
65 108 278 254 120 
75 129 20-1 

i 

36, I jsz 157 
85 126 3= 8 28 186 
9ý 134 857 1 1567 

. 
246 

Variable dimm) 
t 

(mmi 
I 

im) 
startiord 
mxiei 12 2 100 

thickness 12 4 100 

(*I diamter 81 2 100 
Pilly 
dvmloped 
crack 12 2 100 

a 
I stabililm 

Czadc 12 
I 

2 100 

G 
- 

stwdmd moid vdth stifTnew cf the 

djýý 
terr. Ue allp ama to qat 

, alffint =a o: r shear elmmtz at 

10 
12 

20 
30 
40 
so 
w 
70 
so 

90 

100 Er(PE ) 

Fig. 6.3. Results of finite elements elastic analysis (steel 
and resin strain distribution) due to an axial pull- 
out load P=10 kN 

-55- 

JOD 400 @CO WO icoo 1200 IAW 



Model I/ St&ndard, 
Model II/ t=4mm 
Model III/d=Bmm 

16.10) 
Concrete-resin interfocial 
st, ear stressTc. r(Njmm2) 
atpt 10 kN Diltril)ution of Concrete-r*sin 

interlocial shear Stress 
FE FE FE Ic. r. (N mkn2) 

mod mod mod 
(D 1) (9 10. 

5 156 0.95 T 976 20.. 
15 187 1.33 2.39 

. 2S 187 T30 T9 - 30 
. 3S 11-84 1.29 2.3) 40 - 

45 11.93 1.21 213 SO. 

S$ I-IB 1.19 2.23 GO 
65 1.80 1.12 LB 7 70 
7S 1.70J. so 
851 1.79 1.04 

n 

951 1.35Pn77 1.18 
i 90 

'00 - TCN(m ý m to 2.0 

.2 

15.4-e) 
Concrete vertical strain 
Ezz ( p0at P: 10 kN 

FE 
mod 

(D 
I FE 
rn od 
@ 

I FE 
mod 
@ 

5 2 3 2 
15 7 8 7 
25 9 9 9 
35 9 8 9 
45 9 8 9 
55 9 9 10 
65 10 9 10 
7$ 13 10 11 
85 18 a 11 
95 22 a, 11 1 

(6. ") 
Distri but on of concret* 
radtal stmin 

11 

Eyy(PE)et Ps tOkN 

'o 
ý 3D 

1 30 

- 50 
60 

t 
". so 

" 

190 

. 20 

I 

Section y-. iBmm 

(6. &. f I 

Distribution of 
Concrete vertical strain 
Etz(pE)at PtiOkN 

to 
20 
30 

40 
501 

GOJ(D 

100 

I 

16.4.91 

Distribution of concrete 
tangential wain 
tjrx(VE)ot P. IOkN 

10 

20 
20 
40 
so 
60 
70 

910 
ellitgt) 1()D 

Section y -. lamm 

Eyy (ýIE) 

E xx (IJ E) 

15. &d) 
concreto radial strains 
EývfuE) at PzIO 1, N 

FE I 
ZO)ld 

I 

FE 
mod 
t 

I FE 
mod 
# 

5 -15 1 -18 1-7 
is - 1.1 -6 11 
25 -8 1 -9 -3 
35 -10 40 .6 
1.5 -11 -41 -7 
$5 -12 -11 -7 
65 -12 -11 -7 
75 -13 -11 -7 

12 1 12 -7 

i5- 

16.4. h) 

Concrete tangential strain 
Exx(yE) at Ps 10 kN 

Fig. 6.4. Results of finite elements elastic analysis (inter- 
facial shear stress and concrete strains distribution) 
due to an wxial pull-out load P=1 0 kN 

-56- 



I r5, $-a I Finite element models analyzed 

st&ndard 
model 
t<mm 

d=8, 

a 

(9 -. (>--O--<>- 

16. S. b I 
Steel Strain EsIgE) 
at P. 10 kN 

FE IFE IFE 
mod mDd rr%od 20@ (2) 

5 791 1 7991 ILO 
15 6291 6521 " 
25 607 1 6411 bm 
35 483 15201 48L 
4.5 L36 ) 4721 436 

336 1 3671 336 
11 276 300 275 
75 187 205 187 
85 121 131 121 

i 9$ 36 40 36 

I 6-5-d) 
Resin train Er(VEI 
citP-. IOkN 

mod I mod I Mod 
(D a (2) 

5 70 116611 
is 130 1856 13L 
25 195 2580 205 
35 184 1378 201 
45 152 687 161 
55 

-1% 
429 Iýi 

AS- 108 227 110 
75 1291 196 130 
85 126 1 159 126 
95 1341 153 134 

VarlaUe Mmi 
t 

Imm) 
1 

i =I 

=del 12 2 100 

(ID thickness 12 4 100 

di,, -tw 8 2 100 

(low1oped 
crack 12 2 100 

stabUized 
am& 12 2 100 

stan331d model Illith BLIMMM of the 
UrViIO alip elfXEKAB tO tlfft CC EfiEW 
slip elecents atm 

I &S. C) 
Steel strain Es (pE) distribution at PzIOkN 

, sc PC) 

I Er (p E) 

Fig. 6.5. Results of finite elements elastic analysis (steel 
and resin strain distribution) due to an axial pull- 
ut load P=1U kN 

I 

-57- 

( ro-s. e) 
. 

Resin strain Er(PE)distribution 
Er at P: iO kN. 



( G-G-a) 
Concrew-r*6n inter4ocial 
Shvir stres&Tcr(Nlmfn2) 
at Pa 10 kfd 

FE FE FE 
mod fflod mod 

I 

IS 187 - 233 
2S IV 1% 189 
3s lak I to I 2m 
I's 103 1 236 Ila 

% 178 1M Ilv- 
55 190 1 Z071167 
75 1tII 

: 85 179 12 134 
9ý5 135 1 lk6 11791 

(G. G. c) 
O)ntr*tt rawo strams 
tyy(PE) ot Ps lOkN 

Ft I 
"Wd 

FE I 
nvd 

ME 
ftwd 

s I-Is I -1 -20 
is 1-4 1 -17 1 -$ 
25 -8 I -x 1 -14 
35 -10 1 -3 

-11 -75 
12 -16 IL 

6s -12 -47 -14 
-n- -13 jý -75 
OS -12 -19 -14 
95 -L -17 -S 
(G. G. e) 

CQKP*te v*rtical Strom 
EIZUE)at Pz. IQ-ý 

F 2 
Mod 

, 

F 1, FE 
n mod 
H 

2 - -4 
is 7 -in 1-u 
25 9 1 -tq 416 
35 9 t 1-5 

45 9 -n 1.41 

ss 9 -8 1 . 9-1 
65 10 -ti . 11 

85 le -19 -le 
95 22 -23 -22 

50 

70 
80 
09 

loD 
lö 2b 

--C zz (p FL) 

FZ 

(G. G. g) 
concrtt* toppentiai 
3 train Ejcx(LLETat Piokm 

I FE wAd 
I 

I FE 
frood 

I FE 
V"Dd 

is 9 24 9 

A 7 4 
36 6 7 
45 6 7 7 
56 6 6 6 
66 S 6 6 
75 5 6 
16 S 6 

(G. G. b) Distribution of 
Concrete-resin interfacial 
shear stress 'Ec. r(Nlmm2) 
dt POO kN 

Me'u, Full depth 10 
crack 20 

30 
-00- Stabilized 40 

crack 50 
60 
70 
80 
90 

100 

Section yzi8mm 
(6-6-d) 

1.0 2.0 30 

2 

TCNI(MM2) 

Distribution of 
Concrete radial strain 
Eyy(pE)ct P--lOkN 

ý10 
-20 
-30 

40 

GO 
70 
80 
90 

,3- ab'. .. i F-yy 
-ýD 

(6.6. f) Distribution of 
COncret e vertiea 1 strei n F-zz(uF-)ctP--10kN 

6.6. h) DistribUti'on ofconcrete 
tain cin rx xiential 

str 
IJE)ct P: 10 kN 

"JE) 
20 

50. 
601, 
70' 
Sol, 
901, 

100 10 26 
E"(PE) 

Fig. 6.6. Results of finite elements elastic analysis (interfacial 
I shear stress and concrete strains distribution) due to an 

axial pull-out load P=10 kN 

-58- 



0 
0 
�'. 4 

600(300mrnTests 3. M, 3.27) 

p.. 

[®1 
- I, - 

IA 

a 

-C; 
b 100-100-10 

( [; t3 50. W 10 for 
the Specimens 

'100 x 300 mrn I 

ol it o .i 
0 
S 

I- 

E 

0 

L1 
ý"s 

Fig. 7.1. Outline sketch of the specimen. 

-59- 



POSITION OF PRISM AND CUBE 
IN THE STEEL FORM 

-4- 

o 

4- 4. - 

910 

40 

Cube 

moltal 
sm 

LSTRG 9 

-# 

.4 

o 

S 

10 

cic 200 

, 14 , 6 5,4_vc,? 
xy resw 

Res. r STG 8 

-&OLT STG 4 

Rcý, r STG I 

OLT STG 3 " 
R lSt IN STG 6 

PRECAST 
CUESE 

BOLT STG 2 Th, CkneSS Of 

RESIN STG 5 
SpeCimen 

_71 ( 200 mm) 

Bait STG I 

0 

PREC PRISM 

10 20 

Fig. 7.2. Precast mortar cube and prism for 
carrying the concrete strain gauaes. C. ý Test series No 1. 

-60-- 



PI kN) 

ri-0531 

r2 017 
A hi 

40- L 

30- 

20 

1.. 

e . 
1600 2= 3= 4000 5= 0600 

6igm) 

Fig. 7-3. Load-slip relationship obtained from test 
series No 2 (partially gauged tests). 

-61- 



47- ELASTIC SCARM- 
of 714C BRIDGE icl 

0 

Fig. 7-4- Experimental set up. 

-LOAD . ING RRIDGCLA]: 41-1 

/-D5COUPLiNG BETWEEN ANCHOR HEAD 

AND CHAiN. 

D3L. D. T FOR THE MEASUREMENT or TOTAL SLIP 

'ý, 
-LOADiNG rRAMC 

- Z, D 2PREI 
LACID WORT-R CUE'ESC'RRY'Nr' 'WC 

STR. aAur»cs FOR h*EASUREM EN rcFcuair Z ta'kiN 

COUPONG DCViCE [o 

DI ANCHOR 70 BE TEStED(WitM WE It HAL STRAiN GAUGES I 

CONCRETE BLOCK 6O0x60Oxl0O ( 300x 300x 700) 

BOLTS FOR FiXiN G THE CON C RE TE BLOCK TO THE MACHINE/ 

D4 

LOADiNG FRAME 

DETAIL A 
FOR THE LOCAL BONO. 

- LOCAL SLIP TESTS 
ONLY. 

7=. ý: 7 

+ 
0i Bondlength 
+T 

i- 

WN I KUL 

iL 

-62- 

0 loo POO 
6----l 

I Plasticine. 



I 

Lt 

rooo 

Fig. 7.5. Elevation I-I, fig 7.4. 

in 11 

-63- 

0 loo 200 



-M4 

t--ý 

PLASTiC CUP 

L. D7 FOR THE MEASUREMENT 
Of SUP Of THE ANCHOR 

ANCHOR TO BE TESTED 

: 
.4 Ri1 . 

�.. : 

- 

". 

.; 

, -1 50.50.5 

-M 20 

SOL? FOR FiXING 
THE CONCRETE 
SPECiMEN 

___J 

"":.;. 

a- I 
-I 

0 10 ?0 

Fig. 7.6. Detail D3 of the coupling device and the LDT for 
the measurement of the total slip. 

-64- 



DETAIL OF PLACEMENT OF 
STRG. 13,15 16 ý BTM 6G 

PRECAST THIN 

Fi-W OF ADHESIVE 
CARRYING THE 
STG io, ii q 

S TG 16 (B TM 6Gý(, oý, 
rV STG 12 

STG 12 ý FCý RES IN) 

T 

STG 11 (FOR, RES 10. 

1; T II aN I 

STG 16 

Ph 3se I 
Pýacement of 
STR, & 

S TG i5 

_ 
S_TG 16 

STG lo(FOR,, iESIN 

ev 

SECTION M ]]I 

S7G 15 

_STG 
13 

ý't, ase 2 

%e, T, on of resin 
r, mecns of syringe 
a nd needle 

Needle of syr, nge 

f,, ný ec -cr 

, pf _, f. of %yr. mile 

ÄM 

%0 
STG ( ST NA 66) 

STG 13 
STR GAUGES 11,15 16 ývc on ol ress 

(STM GG) A MAGNIFIED 

ANCHOR 

Res. n A2 

for gluing the 
+i+ STG 13,15, V6 10 

d OnChill the anChor steel) 
f 4.1 

internally 
I 

do 

DETAIL OF PLACEMENT 
OF RESIN STRAIN GAUGES 10 

, 11 , 12 

STG 11 12 
-7 -. ý-Firsll layer of resin 

10 

Poured resin 

Thin film of adhesiv 
-e- 

containin_q_ 
ST-6- -ici-, )i v and their leads 

Fig. 7.7. Experimental set up. Detail D1 of the steel and resin 
strain cauges Cý' 

00 

-65- 



C3 (STI 

ANCHO 

... --.. - I- . .-. 

SECTION Y-Y 

ST6456 

0 
0 

0 100 200 
L ------ i 

Mi 

Fig. 7.8. Experimental set up. Detail D2 of the concrete block 
vritli the precast -cubes carrying the strain gauges. 

-66- 

Y 4-1 ... --.. - I- . .-. 



f 

77 Imin 3 24 

I- 

P, I P. L-- --! 

930 (HOLE FORTHE FIXING 
OIF SPIESiMENS TO THE MACHINE BY BOLTS mial 

'-pb 100 10010150 bolo for 3 26,327) 

II 
445 

goo 

0 100 

Fig. 7.9. Detail D4. FIxing of concrete block 
to the loading machine. 

-67- 



) 

0 

loc loo 

U) 

ml 

0 

oc ioa 

SECfiON 311'M 

so 
1S 

I[ MID 
I 

MID 

C7! ý 
r- 

60 

Fig. 7.10. Loading frame 
the piston of the machine 

SECTiON MI-Ml 

0 lco too 

converting the upward movement of 
to tension. 

-68- 

60 
t 



r- 140 

3EM BOX 6OX 10 

Group of OnChorl 
(4 Anchors dif 

!iý 

C 140 

ix 

YB' 

Anchots 
d12 

ilý 

Group of 
Anchors 

n 
IV 

ISO 
Fo- i43 101 

ELEVATION MIX 

0 100 200 

Fig. 7.11. Experimental set up for pull-out of group 
of anchors (specimen 3.30 . 

). 

-69- 

3DO 300 
I 

SECTION 



600 

Et 00 
C 140 

loo 

I 

-L- II 
0 
0 
10 

T--. i 

Anchors to be 
pulled out 

lmding Frýum, Rg. 7.4. 
Kp) 

0 100 too 

Fig. 7.12. Experimental set1up for the pull-out of the 
anchors placed near the edge (specimen 3.31). 

-70- 



STEEL FORMS 

HOLE ---\ 
U so 

T 
xr xi 

N NYLON THREAD / 'If 

L-N 
350 

PRECASTCU&CWiTH 
STR. GAUGE 

11 (300) 

For small specimens 
I P-OiNT OF CENT*E ENABLiNG THE 

DRILUNG FROM DOTTOM .I 

SECTiON XI-XI 

100 too 

Fig. 7.13. Formwork for oasting the concrete blocks and 
fixing the precast mortar cubes. - 

-71- 



D. T 9 Fig 76 

RECT SHEAR SPECiMEN . Fig. 7.15i 

70 645 

a 100 , 200 

Fig. 7-14. Direct shear tests. 

-72- 



CONCRETE - RESIN- CONCRETE 

lef ton 

52 
. r- 

0 

at .4 

076 

CO NCRETE- RESiN -S TEE L 

9ý 

Pitch a 1.75mm 
dcore ag. 726mm 
MIZ. Acore%753mm a 

STEEL- RESIN-STEEL 

0 10 1030 
vmt=rMML= 

Fig. 7.15. Direct shear specimensused. 
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Fig. 7-16. Resin tensile test. 
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Fig. 7.17. Resin tensile set up. Detail D6. 
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b) 

A_j A, 

e1c, 

M: Elongation of length A9 

A2: Defl*ction of concrete slab 
ISP*Cimenl due to a concr*ntra- 
ted load at its ctntre 

CONCRETE SPECIMEN DEFORMATiON 

is 30 &S 

Is 27 

CD 12 
_6 

12 Is 24 

62(grn) - 
P slO KN 

Fig. 7.18. Effect of : 
deflection of concrete 
of the needle of LDT. 

Ps 10 KN 6283gm 
Ps2O KN AIa6 ýLfh 
Pa 30 KN 62899M 

a) Anchor free length and 
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Pressure tronsducel I Displacement SYR. GAUGES 
flood coil) Transduce r- concrete 
incorporated LTD - resin 
in loading rnochine 
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Fig. 7.19- Configuration of the data acquisition 
and recording system. 
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TEST 201 

loo 210 

J-- - 

TEST 2.02 

42 48 

Fig. 7.20. Test series No 2. Details of 
tests. 

1 z: bEdm. lnV4 [=) : lzi 

2 Zýpe ci Ancirr 

3 DL"eter of kx2hm 'Lrtn] 
4 G%er16 diaMter [m] 
51 1ýpaw Hmin C131) 
6 ýbürd of biawacr, of Pesin : Fur 
7 Car2ete Ccqr Ztr. [Hbý -. 25.0 

8 P(Xit 1 kN ) 

9 brde of Faillre 
fo- büh) 

5.0 180 
10.0 33D 
210 540 
30.0 8EK) 
39.0 ice 

i lacth (m] : to 

21 7ype of k-iiw Th r ead 
3 DLmrter (f kchw fro) 12 

CapInle dianEur [iu) V16 

5 CIO 

6 Metkx)d cf inswLicr. of min Fbur. 

te ..,. )tr. OW : 30.2 

put [IN] : 310 
9 ýtde of fuhav -14C+R 

1 
. leigth (m) r_-i 

IM 
2 7.4pe of kdrr Trmed 

3 Uamtw ce knIrr [m) : 
4 CepAmle cbawter (m) , 3A2 
5 2p37 Eien * clßý 
6 Ngbod of Jimticn cf resin : Ptur. 
7 Cmmvte 03qr. Str. [Kbl : Z7-5 

6 Pult NNI : 47.6 
91 mxi. - of failim 
10 P[k NI KLJNI 

10.0 51 
ao lac) 
2.8 B 

47.6 am 
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Intertocial 
failure F *so n- I 

TEST 2.05 - plain bar 

80 f 80 

'TEST Z06 

DI 

Di 

D2 DI 

D2 

1 Mledm. lerf-u [mm] : 123 
ý- Tzýe of kn'xr TFi7LP 
3 DL, ýzr, t= of Pirn: r t mm i - 12 
' 

ý 
iazvý-4le dJmmter [m) : Z/16 

5 Epcp7 PesJn C131 
6 Veürd of imErtim of MGL-: Par. 
7 Ca=gte Gcqr. sw. . 25.5 
8 Pdt ( kN ) * M. 2ý 
9i m: iýe of, failum l+R 
10 

- 
MN) ý. rpm) 

5.0 50 
10.0 9ý 
20.0 157 
30.0 637 
34.4 1957 

1 Embelm. length (mei : 120 

j Type of Anchor llh"el 
3 Didmeter cf Ancnor [mrj'., . 12 
4 Gap/hole ýIameter (mml 2/16 
5 1 Epoxy Resin : [M 

6 Metkw of irmTtla, of :, XAr, 

7 Ca=ete CcuFr. SAr. II f-a j * 26.0 
6 Pult (91 , 41.3 
ý MXb of AdIre 
10 P[M) 6[p M) 

IGO-O jw 
Zj. u 39D 
30.0 IGM 

I &bgft lalath (m) o lm 
2 Type of kxtxr -Iroad 
3 Dlametarof hilw [mm) : 16 
4 Gopqnle diamter [m) 31ý-- 

Epoxy Pasin C13EK) 
ltftd cf inEwtim of rodn Pbur 

Gxeste Gca; r. Str. nj 31.0 

pult [w] : 53.0 
I/cde cf faihz* 

10.0 a) 
2D. 0 240 
310 

1 40.0 -Z 
Fig. 7.21. Test series No 2. Details of the tests. 
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Fig. 7.22. Giading of the aggregates used. 
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bI Second direct shear test 
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a (a I Firstly designed direct shear specimen 

Pol yrne r 
Concrete 
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. 
Fig. 7.23. Initial s'pecimens for the direct shear test. 
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Loading bridge, A 
Elastic bearing of the bridge, C 

Loading frame, B 

Coupling device, D 

Coupling device, 

o. Outlin* of the setup. 
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Fig. 7.24. Calibration of the tension transfer system. 
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Fig. 7.2b 
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Fig, 7.26 
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Fig. 7.27 
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IE3 IL. C3 OC *C dO IC IE' -> IL 4J X> Ir )o J"F J" 

JL m 

AL 

. es 

-30 -40 -30 -as -19 a Is 

34 H 

Fig. 7 . 28 
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Act 

JL 

65 

-so -40 -30 -20 -le a la 

1" 34 " 

Fig. 7.29 
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:3 . '15 

a 
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Fig. 7.30 
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I a. 5 

JL .! 5 

-50 -40 -30 -29 -le 0 le 
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Fig. 7.31 
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Fig. 7.33 
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Fig. 7.34 
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Fig. 7.35 
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Fig. 7.36 
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Fig. 7.37 
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Fig. 738 
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Fig. 7 39 
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ts 
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43 
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Fig 7.40 
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JL 

JL 
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Fig. 7.41 
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43 

29 

JL 

420 

-50 -49 -39 -ze -le 0 la 
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Fig 7 42 
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Fig 7 43 
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Fig 7.44 
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Fig. 7. &S 
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Fig. 7 . 46 
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d'a: 3 -C IP- > XýLP X>W )0 JL lip-]" 

25 

JL Z 
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Fig 7.47 
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Fig. 7.51 
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Fig. 7.52 
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Fig. 7.54 
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Fig. 7.55 
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Fig. 7.56 
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Fig. 7.57 
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Specimen 3.01 ( 

10 I 

boo- 

I it 

F(k N) 

190 1 120 775 
+ 310' 

.0 

DI 

to% 

ue L 
$ ---- 

r1w_ 14 

tlir 
I 

-- 

- 

I 
Ov 

curve, seeTable 713 --Failure surface 10 d-. 12mm 2 
I -6(gm) Asz 113.1 mm 

AS min --74.3 . root of thread 
AShet -. G5mV 

ýmm):! IMethod of drilli : Pere. Dr Embedment lej-& 

Type of Anchot-- Thread- *tkrd cf inse&-cC redn: PourinQ 

c gM. str (W : 19.56 
/16 

-Qmmvt&-tcns. str. (W&) * 2.63 

Adhesive :C 1380 hode of failure 
. 

*I+C+R 

Fig. 7.58 

? N) Cum) P(kN) 6(luim) " 
5.0 161 25.0 

10.0 267 , 30.0 940 90 

w 

15.0 445 33.3 1210 
20.0 599 
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Specimen 3.02 (0) 
M-M sc 1: 10 

Crack f Ormed just at the Ultimate load A 

- 600 - 
rz a 

--- 1: 7 

sc. 1: 10 B 

CD 
a 

A 
100 125 77S , Trr 

122S 

41 a Poo 
- -0 

PtkN) 

K! SO § 

D2 

43 

C3, 

DI 

... .... -: Fit curve, see Table 7A3 

6(g rn) 

I- 

wl m 

DI 

22 

30 
D2 

t: ii=t. (- 

-----Failure surface 

F*thod 
of dr Iling : Perc. Dr. 1 ýnt ienýýpý) 

-j 
Irmd. I PetEd cf I-offt. of resin: Pouring 

An,. ý , Ior_eA&meter (m) -12 Ca=ete c-Fr-str (Wa) : 213B 

AdhBAve -Qp-ý lWe offallure : 14C+R+W 

PW) Mum) P(kN, ' Mum) 

5.0 1041 2K. 0 857 
10.0 397 28.9 Clý 
15.0 521 

L_20.0 , 668 

Fig. 7.59 



Specimen 3.03 (0) 

- 600 - 

LIIJ 
g 

L. J 

I, fi 
IIA 02, q 

09 

CD 

390 

30 
? cm 20 

10 

Dl 

V 

4-4 - 
,- OZ 

4518 70 

1, ei 

1 --j -' 
er 24AaU 

D ri 1 16 44 

ýFajjure surface 

... -.. -: Fit curvesee Table 7.13 

61 Lk rn) 
! is§ 

I EmbpAwnt length (m) 

of Anchor (am) : Thread. 

chor diameter (m) : 12 

n/dixm of hoie (=)*2/16 
klýdle 

- 
: Q38D 

1, L-thod of driUing : Perc. Dr, P(kN) UUM) P(kii) 6 (um 
W-Uiod cf imwt-cf reEdn: Pourinp 5.0 50 15.0 351 
Caniete ccogr. str Dft) : 21.29 75 89 17.5 487 
Cacrete tprs-str (wh) ! 2-64 10.0 148 687 
ýwe of faillov -T+C+R 12.5 234 20.1 688 

Fig. 7.60 

-118- 



Sp ecime n 3.04 (0) 

-600 - 

0 
0 
I0 

r1 
ic I I 

r --1 

Lii L J 
. 4 45 05 L 

Pull clut of the anchof 

Resin 

oin 

Abor 

efface 
t I. resin 

Cl r 

el-resin 
inlefface 

N 

0 

77b + 

Failure surf (ice 

...... .... : Fit curve. see Table 7.13 

61 tLrn) 

r- 
Embedment length (mm)'OCUý(8-3)d Methodd of drilling : Perc. 

Type-of Anchor of ineartof resin : Pour. 

Anchor Mr. DW : 26.39 

3ap/diam. of hole (mm): 2/16 tf! rv, str. (M) ' : 2,55 
kdhesive : C1380 e of failure ,I 

Fig. 7.61 

PW) b(Lim) --(kN) Mim) 

5.0 
7.5 152 17.5 341 

10.0 202 20.111 3 5c4 
12.5 251 22. r. 39ý 
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Specimen 3.05 

60C - 

10 II 

-I 

IN 
30 

20 

10 

I 

ý 11 4 
Failure surface 

: Fit curve, see Table 713 

6 (ILMI 

babedment -j-ength(m): 10D=(8.3)d, 
Type of Anchor 
Anchor diameter (m) : 12 
Gap/dias. of hole(m) : 2/16 

. 
Adhesive : G1380 

Method of drilline : Pere. Dr 
WthA cif inEntcf i"simPouring 
Cmxete com[r-str. Oft) : 23.20 
G=-te t9m. sw Oft) : 3.13 

, 
Mode of f&Uure : I+C+R 

Fig. 7.62 

a 
lý 

75 kn k 10 %> 60 

0 

- 0 

0 
-I 

- 

Lii 
I-I 

4, a ""' 

DI 

P(kN) Uum) P(kN. ) 6(um) 
5., )_ 129 25.0 419 

1010 145 30.0 772 
15.0 179 35.0 933 

L-20.0 193 1 38.1 1100 
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Specimen 3.06 ( eq)_ 

-600- 

ILC lin 

110 

to 

10 

P(kN) 

N 

Fl: I 

DI 

is 

Failure surfact 

L I. 

:3s 
17 

I of a4a 37* 
4D 

DI 

-.: Fit curve, see Table 7.13 

Embednent length : W8.3)d 

7ýpe of Anchor : Thread. 
Anchor diameter (m): W 

Gap/dian. of hole (m)2/14 

Adhesive : C1380 

Method of driUizie , Pere. Dr 

Wthad cif insmtof mdn : Pouring 

CmmvW ocoFr. str. Oft) : 23-11 

Omavte tons-str. Oft) : 2.71 

, Node of failure -I+C+R 

Fig. 7.63 

P(kN) Mum) P(kN) 6(om) 

5.0 247 17.5 440 
7.5 264 20.0 480 

10.0 299 22.5 510 
12.5 35 

1 25.0 530 
15.0 410 1 27.7 550 
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Specimen 3-07(W) 

-600- 

c21 

77 sf 

so 
nt 
so 

10 

prn) 

- r, 

d-- 8 mm 
As -- 50.3 MM2 
Asmin : 31.9 mm2root of thread 

I 

. --. - Fit curve, see Table 7.13 

Embedment length (m): 661(8.3)d thod of drilling : Perc. Dr 
Type of Anchor : Thread. 

- 
of Jnmrtcf resin : Pouring 

Anchor diameter E CW-str. Oft) : 4.0 
Gap/diam of hole(=) : 2/12 tArS. Str Oft) . 3.6B 

, Adhesive : Cl ol e olf failure :3 

Fig. 7.64 

P(kN) Uum) 
. 

P(kN) Mum) 

5.0 407 15.0 1160 
7.5 722 20.0 1620 

10.0 920 22.5 1750 
1 23.2 

ý 
2370 
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Specimen 3.08(e) 

10 I 

$3.4 

so 

to 

-boo- -4. - 
r-1 

Lii LiJ 
I 

-Z 
I 

260 

P(kNl M- m 

el C2 
C. 

/* 

; egb 

§1i 
Embedment length (m): 10D=08.3)d 

Type of Anchor (w) : Threact 

Anchor diameter (mm) : 12 
Gap/dian of hole(sm) 9ý 

ldheni ve : C1380 j 

0 
0I 

0 
ei 

a 
lt. 

D INI 

Zia 
... 
m 

- --: Failure 
20.22 surface 

DI r)II-H 

ds 

-.., Fit curve, see Table 7.13 NW 

L 12 a 

41r-ir 

e ol 

Pod'of drilling : FbrrjkT 

cir ingw+-af redn: Pour 

ooqr. ldr. W) : 28.76 
tEM. 3tr. 0%) : 3.05 

e olf failure : I+C+R 

Fig. 7.65 

P(kN) 6(um) P(kN) 6(um) 
10.0 00.0 35.0 960 
15.0 190 40.0 1240 
20.0 260 45.0 1470 

25.0, 330 
, 

50.0 1740 
30-01 518 1 1 

_53.4 
_1 2230 

-123- 



Specimen 3.09 (ý6) 

-600- 

47 

Ito Ila 

NI 

ýv 

DI 

17 

Failure surface 

.......... 1 Fi t Cu rve, see Tab le 7.13 

-6( pm) 

Embedeent length (=)OCDý(ELA 
? ýý of Anchor : Thread. 

Anchor diameter (m) 112 
Gap/diam of hole(=) : 2/16 

, Adhesive . 
[g) 

thod of drill 
0 of irwrLcf main: RutV 

; 
od 

e ol 

o3v. str. (Wa) : 31.67 
ters. str. 2.76 

e of failure : I+C+R 

Fig. 7.66 

530 

i 
: 3.. mo 0 

0- 0 

Dl 

P(kN) 6(um) P(kN) ULm) 
10.0 165 30.0 558 
15.0 308 

- 
34.9 616 

2570 zi-a- 

25.0 
1 

478 
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Spec ime n 3.10 (4 

10 

)Q? 

20 

10 

-600 - 

r1 

Li L0J 
I. ""I 

r1 n--I 
L_J LJ 

« 
77 

so 

11 
H as$ so 11-3 

resin concrete 
interface 

kN) 

r 4, DI 

DI 

- ft- 

E-31 

12 

-----'Fa; lure suffaCe 

.............. : Fi t curve, see Table 7.13 

6( 

Embedment length(= ý 1GD=(6.3)d 

Type of Anchor : Thread. 

Anchor diwter (m) : 12 

oav/(IULm. of hole (m): 2/16 
Adhesive 42D 

I 

Method of driU. : Fbm. rkil 

*dW cf itowLcf Ml 
Cangte QM:. Btr. (Wa 

drl: GoatbW 
) : 3.30 

Ccnmvto tem. o'w. oft) : 2.61 

.. 
Mode of faUure :II 

Fig. 7.67 

MN) b(lim) MN) 6(um) 
10.0 361 

-- 
30.0 2350 

15.0 0ýF 30.2 2520 
20.0 921 
25.0 T3 2-0 
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. 
Specimen 3.11 (+) 

-600- 

111 1 
974- 

SO 0 60 
lie 

I- 

Rtal *ccentrical pos; tion 
I 

DI 

LS L I'L 

77S V/A -ý- -a 

*I 4e 
04 ate 

Di 
414- 

VA -9 

tow ----: Faiturt Sur 

Naco 

21 

-----: Fit Curve. see Table 7.13 

61AMI 

Embedment lerwth(=). IQ)45-3) 

7ývpe of -Anchor 
: Thread. 

Anchor diameter (w): 12 

Gap/dIam. of hole%mm) 
Adhesive : C1380 

Eccentrically Plac 

Method of drilling %mv.. 

MBtbDd af tgElr+-Cf po)uri Iri 
Cmmvte omwxtr. ýn) 

; 
5.0 

Gmrete tens. stir. (ft) * 2.51 
F! 2de of failure : I+C+R 

Fig. 7.68 

c 

P(kN) 6(um) MN) MUM) 

10-2. 139 30.0 531 
15.0 359 34.5 1160 
20.0 
25-01 522 

1 1 

-126- 



Specimen 3.12 (e5 

775 

0 
U.. 

U, 

ý r. A r. 

i 20 1 

-3 - 

2 60 
Its 10 

2so 

CR. 64X, C Ft 

ISM 
an* C4 

! n4 
le7 

30 

20 

10 

Embedment leneb (m): 95-(7.9)d 

Type of Anchor : Thread 

Anchor diageter (m)-: 12 
Gap/diam. of hole (m): 2/16 
Adhesive - : C1380 

-I 

40% 
44 

-4- 

surface 

urve, see Table 7.13 

6(p m) 

of drill. - Pam. Dri 
CC Jmer-Lcf radn : Pouring 

ccxr. str. Nk) : 21-93 
tom. str. OW : 2.58 

e of failure fp-Trt74R a 

Fig. 7.69 

--P(kNý 
b(iim) PW) b(UM) 

10., 861 35.0 . 2500 
15-( 1300 37.5 2760 
20. ( 1610 39.0 3070 

1 
25. C 

1 1850 1 
_ 39.71 3143 

1 
_30.1 

2150 t 
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Specimen 3.13 (0) 

-600 - 
-r- 

10 
I 

If 10 1 110 

.0 Cb 

DI 

DI 

-Failure surface 

curve, see Table 7.13 

641m) 

Embednent length (m): 9D=(7. *5)d 
. thod of drilling : I%mlku. 

of Anchor : Thr ead. ar irgi3rLce radn aburim 
Anchor diameter (m) : 12 
Gatp/diam. of hole (m) -2/16 tare-str-ow : 3.17 

0 off Adhesive Cl 380 
_4 

F 

failure *I+C+R 

Fig. 7.70 

-0 2 
ci- 

P(kN) 6(jim) P(kN) 6(um) 
5.0 100 25.0 296 

10.0 
- - 

268 
- - 

30.0 334 
1 5.5 25 1 

- 
35.0 373 

70=. -2G5- -33-. V- ---157- 
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Sp ecimen 3.14 ( +) 

-600- 

C a 

fit one 

§n 

0 

- 

�S.. 

DI 
IpIp 
III 

L_.. _.. 1 

2 p7m; 

DI 
44- 

-. Fi t cur v e, see Tab IeZ 13 

61 IL 

UlbadMQnt lenLth(m): 10D-(S 
Type of Anchor : Thread. 

Anchor diawter (m): 12 
Gap4diam. of hole(=). -2/16 

, Adhesive : Cl380:: ] 

Type of Anchor : Thread. 

Anchor diameter (m): 12 
Gap/diam. of hole(m)., 2/16 
Adhesive : C1380 

Method of drillint : Perc. Dr , 

pC inw-Lar nsin: Pourirw 

3.69 

thod 

Mýodee oof failure *I+C+R 

Fig. 7.71 

Failure surface 

P(kN) 6(tim) P(kN) b(lim) 
10.0 178 30.0 440 
15.0 288 40.0 552 
20.0 330 

- - 
45.0 607 

=, 38 5, --TO. -0, -W-1 
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Specimen 3.15 

- 600- 

1ý CP 

___i 

L 

I_i 

L. _...... j 

IM kN I 

40 

40 

30 

20 

10 

0 

u, 
t 

-SO 
77S 

I 
In 

I TN 
'L+ 

03048 

t4v 14 

3 

.. ZT: 

Di 47+. - 

Embedment length(=) OOD'(&5 
7ýyý of Anchor : Thread 

Anchor diameter (m): 12 

Gap/diam. of hole(m): 2/16 
Adhesive : C1380 

Ii �7 

------, Failure surface 

............ Fi t curve, s ee Tabi e 713 

6 (grn) 

Method of dril-liniz : Pere. I)r 
NffUrd cir JnowLcir rm "-NF-cn 
cc-»te omm-mr. 
Omxvte tenB. se-Oft) * 2.37 

. Mode of fiLilure : I+C+R 

P(kN) b(lim) P(kN) 6 (lim) 

10-0 149 
l 

35.0 871 
15.0 322 40.0 1080 
20.0 398 45.0 1380 
25 ,0 490 6.3 155 

-, In. 0i 67- . 

Fig. 7.72 
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Specimen 3.16 (, Aý, ) 

-600- 

i_-_--i 

L°J L_J 

II 

r "i 
L. J LJ 

0 
0 
0 

I 

77 

Cohesive failure 
of mortar 

D11' 

Cohesive failure surface 

Dl 

Foilur* surfac* 

***-***'** : Fit curve, seeToble 7.13 
m) 

Method of drilling : Pere. Dr. 
W#cd of km-Lcf resh0ouAng 
Ommete a3qr. str. OW : 24.93 
Omavts tens-str. (Wa) 3.05 

, 
Node of failure I 

Fig. 7.73 

jr 

p.. 

r 

-, L 
-I XldrT. 

vrý 

P(kN) Uum) P(kN) 6(um) 
6.2s 506 

-131- 

Embedment length(=). 1CD=(&3 
TM of Anchor : Thread. 

Ant. hnr diamter (m): 12 
Gapldian. of hole(m)QF20 

grl Adhesive : TC; m-. -- 



Specimen 3.17 ) 

600 

10 

-Iss I 

D2 

Srh*, s, i, ve failure 
r tar rn 

NO) 

rD- 

+-#! Zl 
30 

20 
178 

10 

1 11 

Embedment length(=): 100=(&ý 
Iýjx of Anchor 
Anchor dianter (m) *12 
Gap/diam. of hole (m): 4/20 

Adhesive 

I 

.: Fit curve, see Table 713 

6(gml 

Method of drillirw : Ramnr. P(kN) 6(um) P(M) 6(um) 
molrd cc im"t. cf r%siA: Pctring 5.0 936 15.0 5070 
Cmrrwte amm. str. OA 7.5 1170 17.8 5640 
Ommvt two. abr. Oft) : 2.8B 10.5 1690 

P6D4 of fa. Uur-e : I+R 12.5 2539 

Fig-7.74. 

1 

i L i Li i 
+ 

TT 
t I 

L_____J 

is 25 
D2 

Srh*, s, i, ve failure 
rn tar 

r Di 

LA 

Gro 
fai 

In 
.4 

M-ý 

a 

e 12.5 

----tFa; ture zurloce 

Cohesive failure 
stiff act 
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Specimen 3.18 tAk) 

10 

- 600 - 

t1 
I I 

* 

L_J LJ 

Pull out of the anchor 
4 Grout failure 

Cohesive failure 
of mortar 

DI P(KNI 
Cahesivt failure 

surface 

20 17.2 

10 

Embedment length(=): ICD=(&3N 

Type of Anchor -Thread. 
Anchpr gameter (m): 12 

7Ap/diam. of hole(m): 4/20 
LAdhealve : MI-75M 

Method of drilling : Pam Dr. 
MyUiod cf InmrLof radn : J%ring 
Cmmvfte acstr. str. W 0.66 
Cmxvte temstr. ýFhj - 2A 

, Mode of failure : I+R 

Fig. 7-75 

ft p. ' 

r 

DI 

curve, see Table 713 

P(kN) Mum) P(kN) Mum) 
5.0 1000 15-0 6650 
7.5 2500 15.2 8440 

10.0 
- 

3950 
7-75 ý 5180 

6(mm) 
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Specimen 3.19 

-600- 

0 
0 

r' CI 0i 
L__J 

+ 

1 

LIJ Lii 

Detail of reinforcement 
ofthe grout. 

d=2 

77S 

Pull out of the anchor 

3 

Mhesive failure 
of moftor 

lkN) 

20 

10 ops 

coh*sive failurt 1 
6: 

zurfact @. '! ý 

-. -: Fit curve, see Table 7.13 

61 gm) 

Embedment length(=): 100ý0. ) Method of drilling : Pemlir, 

Type of Anchor Mwead. 
. 
)4ydW cf bwrLar r%Wn: Pouriw 

Anchor diameter (m): 12 03nmete (ugr. str. O#bL) o. (56 

GaDIdl-of balef-IU120- Qmcrete t-vin-str. fMFk) * 2-. qR 

, A&eoive. Reinforced cem----Arr-I -mode nf failure !T 

Fig. 7.76 

P(kN) UUM) P(kN) 
5.0 648 
7.5 914 
9.05 951 
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_Specimen 
3.20,1 

-600 - 

110 

Pt kN) 

4L9 
40: 

30, 

20 

10'. 

Ito I Ito 7 7' 
ýso 

CR. R. 
61 else 
62213 

................ 

Embedment larAgth(=); 10D4&3 Method of drilllm Eml 
of hmebor tThroad. modw (if lmrtaf 

na, ar mmuntar (m): 12 GmT*A ow-str. I 

, /aimm-of 

ýAdhsgJX2 X1380 Node of failure 

Fig. 7.77 

Reinforcement of 
the specimen 

lllýlp 

"'A H 14L -I AO 

- 
It 

yj 

c3o 

0 

Di 
2 12 2 

fa 

o Failure surface 

curve, see Table 7.13 

-6 (ILM) 

P(kN) b(im) P(kN) 6(vm) 
10.0 533 30.0 1620 
15.0 855 

- 
35.0 2030 

2.66 20.0 Tl-4O --46-. T --M 

25-51 1360 42.9 4880 
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Spe ci rn en 3.21 (4) 

-600- 
Reinforcement of 
the specimen 

'Null I 'tow 

ZO &H 20 - Ito 

[-----1 r"i 
L__J L__J 

M20 

47- 

p 

Dl 

IIL-4- 775 

3 54 50 

:3 

0 

rl 

............. Fit curve, see Table 7 13 

0 6(lAM) 

Embedment length (m)-ICD=(8,3ý 

lype of Anchor : Thread. 

Anehor diamter(m) : 12 
3ap/diam. of hole(m): 2/16 

. 
Adhesive X1380 

-it lvqt 
12 

---: Failure surface 

I (f Imrt-cir "fiLRWIM 10.0 1 169 30.0 576 
vto comotnORL) tM. 93 15.0 219 32.6 835 

ote tam-atr. DW I 2.3T 20.0 292 
of failure : I+C+R 25.0-1 406 

Fig. 7.78 
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Specimen 3.22 1 (: D 

rT 
L___J 

+ 

[1 
jci 

I L_J 
# 775 

Steel failure 

-600- 

in 

Fit curve, see Table 7.13 

Embedment leriath(m): 9D=ý-5)d 
Type of Anchor : Thread. 
Anchor diawter (m)Jo 

Gap/diam. of hole(mm): 2/12 

Adhesive : C1380 

thod of drilling : Perc. Dr. 

rd cf Usatcf reein: PbLriM. 

o3v. str. (ýft) : M. 65 

__tem. 
str. Oft) : 2.25 

e of failure :S 

P(M) Mum) P(kN) Vim, ) 
5.0 264' 15.0 1860 
7.5 433 16.6 2710 

10.5 725 

12.5 
, 

1070 

Fig. 7.79 
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Specimen 3.23 

CR. T 

L 
0 CR. 2 

. 
P7 

110 ILS 

77 

I-I 

, 45,0ý 

40 

30ý 

10 

(w) : IOD-=(8-3)d 
Type of Anchor : Thread. 

Anchor diameter : 12 

Gap/di of hole(m): 2/16 

, 
Adhesive u 

0+ + 
0 
a I- 

p. 

----! Failure surtace 

curve, see Table 713 

Method of drilling : Perc. 
MROW cif imerLef resin: Fbzirg 

QMMVtS 031pr. Btr. 0%) *1&77 
Cmcmte tem. str-OW : 2.15 
Mode of failure : 14C+R+Sý6 

Fig. 7.80 

P(kN) b(tim) P(kN) 6(um) 

10.0 312 32.7 11&) 
25.0 501 37.4 1440 

20.0 589 41.8 1680 
28.0 977 45.0 2000 
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S peci men 3.24 1 mom) 

r------j -1 I F____ i 

30 110 

31 

. 600- 

30 

63 v64 v 45* interface Owncrete 

resin* 
MOM 

DI 

44- 

bteamt 3atth (m) I 1OD-(8-3)7 

Type of Anchor 4R-bEQ 

Anchor diameter(=) : 12 

Gap/dIan. of hole(m): 2/16 

Adhesive X1380 

Method of drilling : Perc. Dr 
MAkjcd cC ingm4-of redn: Pour 
Ccncrete ccmtr. etr. Oft) 24.89 
Oxcrete tem. str. Oft) 2.65 
Mode of failure : I+C+R 

Fig - 7.81 
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Specimen 3.25 (* i 

-600- 

----I -I 
I F--- I 

.4 Iýv 

0 
0 X/ Z -e- 

I-I 

20 

10 

Embedment length : 101)48.3)d 

7ýq* of Anchor : Thread 

Anchor diameter(m): 12 

Gaip/diam. of hole(m): VYM 

, Adhesive : C1380 
I. 

-I 

6111m) 

of drilling - Dian. 

cf lmwLct redn -JbLritr 

teris. str. W : 2Z 
f fan : I+C+R 

Fig. 7,82 

.i Z- 

ý "S ý 

I. 
6180213e - 

............ : Fit curve, see Table 713 

PUN) Mum) P(kN)1 6(um) 

10.0 656 35.0 1730 
15.0 833 40.0 2180 
20.0 916 45.0 3050 

1080 47.3 4400 
1370 
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Sped men3.26 ( ý) 

I 

ýPjkNj 

30 

20 

91,1 

300 i 

CR. 2 

CRA 

I-I 

03-04 rIr 61862319 0 

11 C), a 03004217 0 

DI 

. ........ : -Fit curve, see Table 7.13 

- 6( AM) 

Embedment len-ffth(pm)*lODq8-3 
TUg of Anchor : jhr"d. 
Anchor diameter (m): 12 
(lap/diax. of hole(m): 2/16 

Adhesive -C1380 

ISMILIJ 11929imen 30 
Method of drilling 

0x3Q22M 

-Perc. Dr 
MYOW of inpwtý rus iObtring 
Ommvte omv. otr. (ft ) a). (2 
Cxaete tam-str. W : 2.15 
Mode of failure 

I 
: I+C+&sPl 

Fig. 7.83 

Dl 

I 12 
16 4. 

-----: Failure surface 

P(kN) 6(jim) P(kN) 6(tim) 
5.0 280 15.6 426 
6.9 348 1&. 0 487 

11.0 385 
18.0 1 487 
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Specimen 3.27 

I 

31 

I 

370 

Fit curve, see Tcble 7.13 

at iff- atatin & (8m) : 10D=(8-3A -m 

of Anchor : Thread 

Anchor diameter(=) : 12 
Vdiamcf hole (m) : 40 

Adhesive : C1380 

ISmall Specimen 3OOx3OOx2OOl 

Method of drilling : Perc. Dr, 
KWvd of inmtcf mnn: Pctrinr 

Qmvte cogr. str. Oft) : M. 61 
3mcmte tens. str. Oft) : 2.0 

%de of failure :I +C A +, gp 

Fig-7.84 

300 

r-- 
L_. J 

T 

4 140 L 70 L 

DI 

in 
C-sh 

44 

+ 

DI 

12 
16 

---- Failure surface 

MN) 6(um) P(kN) 6(um) 
10.0 205 30.0 744 
15.5 348_ 35.5 922 
20 5 ' * ' 447 36.2 1040 
2 5 0 580 
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_Spec 
i men 3.28 (Iýi 

-600- 

L__ 

50 70 

ID 

resin-concrete a;, 
interface 

resin-. -sleel 
DI 

-it, interface____ý' 

ý 77 
s 

resin. 
concre 
interfc 

at 

I 

I 

bedment length(=); 10D=(83 Id *Uiod of driUing : Perc. Dr P(kN) 6(um) F(kN)l 6(um) 
[b, 

of Anchor M611cd Of insm'l-cif r"dn: Pc)xiring 

chc 

P/d 

chor diameter (m) : 12 ()clncFete ooqr. str. (Wa) : 22-84 

-d 

P/diaz. of hole(=) -2/16 0=2ste tens. fitr-(Wa) : 2.65 
sive Cl Y)o Mode of failure : I+C+R_ 

Fig. 7.85 
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I 

I 

I 

r 

Li 

aiwtmt lffCth (mm) : 1OD--(S. 3-_ 

Type of Anchor : Thread 

Anchor diameter(=) : 12 

Gap/diax. of hole(m): 2116 

, Adhepive : Ul 

Specimen 3.29 

7 
C) I 

C3, 
4D 

f4 

Dl 

surface 

Fit curve, see Table Z13 

Method of drlUirw : Pere. Dr. 
MAkEd of irm-Lof resin. ftsirg 
Cbnmvte oos; r. str. (Wa): XZ 
Ommete tans-str. Oft) : 2.60 
PWe of fa. Uure : I+C+R 

Fig - 7.86 

1 
175 1 

I-Iý-t 
210 ISO 

.e 0 . 

Dl 

P(kN) 6(IJMY F(kN)l 6(umY 

10.0 202 30.0 682 
15.0 408 35.0 886 
20.0 493 40.0 1130 
25.0 1 546 1 45.3 

, 
1610 

-144- 
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Specimen 3.30 t+) 

ISO 

co 
j- Aý3 At 

_i Ti 
I I 

L 

775 

Fig. 7--87 

----: Failure surface 

e Table 7.13 

P(kN) MUM) P(B) MUM) 
5.0 767 15.0 2160- 
7.5 1070 17.5 2440 

10.0 1510 20.0 2770 
12.5 

1 
1830 

1 
20.4 2860 

I 
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Specimen 331 its) 

boo - 
210 fL 

L 

75 L 75 75 

fA 
I 

i LA 

/ 

I 

. +-ML+ Lf I 
ISO 

B 

4i 

co 

=Rd3mtat IaVth(mm). : 100=(6.3)d 

of Anchor : Thread 

c . Jwr diamter (m): 12 cph, 
dj, an. of hole(m): 2/16 
0 

a sive : C1380 

- -11 

-- -------- : Fit curve, see Table 7.13 

61pm) 
Uf ýect 

kaUlod of driUizw -Pere. Dr. i 
Mgthcd of trawt-of redn: FbxIM 

oomrr-str-OW : 24-89 
tem. str. (Wa) : 2.55 

of failure *sDlit. 

Fig. 7.88 

MN) 6(um) P(kN) b(lim) 
5.0 101 25.0 1240 

10.0 290 30.0 1470 
15.0 521 33.15 1620 
20.5 

1 
918 

-146- 
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Specimen 3.32 (4) 

-600- 

r1 
LJ 

+ 

ri 
- 

I I 

II 
L -1 

I 
L 

I- 

ý 77 5+ 

Adhesive 
failure 

PI kNj concrete- 
-resin 801 

........ .. : Fit curve, seeTable 7.13 

il t !I 
h&q*mt lffgth-(m). : ! OD--(8.3)d 

Type of Anchor : Thread 

Anchor diameter (mm): 12 

Ga_ of hole(m): 2/16 

ive : C1380 

61grn) ' 

. I+ R 

Method of drillin-v : Perc. 

NWW of insortof rutmdn: -Pour 
Ozoete coqr. str. 
0=2, stA tons. str. oft) . 3.9? -3 

of failure : I+ R 

Fig. 7.89 

Failure surface 

P(kN)1 6(um) P(kN)1 6(um) 

10.0 179 35.0 201 
15.0 145 40.0 313 
20.0 151 45.0 

-- 
386 

25.0 166 49.5 889 
30-0 1 151 1 
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Specimen 3.33 (-0-) 

1-4 "I 

1 

25 " 

A: 

P(kN) 

30- 
10 

P(kN) 

ateant Isigth (m) : 100-(8.3) d WU cf driWrg Pem. rr 10.0 

Type (f kl&W : Tmad mAhad cf ilmrLcf nsin.. Pcucirlc 15.0 

krtw diawtar (mW : 12 omaete mqr. str. (Wa) : Z7.61 20.0 

Ggp/diivLcif hole(=) : T; m Carrete tens-str. (ft) : 2.67 2ý. 0 

Adirdve : Cv3Fn 14* Cf fldlLn : pCfý sj L 30.0 

Fig. 7.90 

0 
0 
2 

6(AM) 

ur ) P(kN) 16(un 

41 35.0 760 
42 40.0 1130 
43 45.0 1570 

105 47.6 1860 
488 

.......... : F; t curve. see Table 713 

S 
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Specimen 3.34 1 (g ) 

r1 

I- 

a 
0 

I 

II 

L_J 

- 
rý r---- 1 el 

L11 

I 

sn 
40 

lot 
In 

ISO 5 
776 

1 
40 

1: 
- I'.. *-. &. - -*. ..: -I 

1.0 int*rfaceal'o 
failure 

100 */. Adhesive failure F P()tN) dt 

i ""oe, - 

resin-concrete C1 C1 

£0 

Elevation c-c 
AM 

curve, see Table 713 

rn I 

ah,,,, t .. 1. xt_ft (m) : 100--(8.3)d 

1', Jpý cc kl1w Ilzrad 
krhw dimetw (m) 12 
Gq: /dkmcf h3le (30) F137721 

AdheEdve C13EX) 

Obthod of drilling! 
-i 

Rm. -TTr 
KAM cf irmw. cf rimdn: %ziT 

oximete oaiWr. str. (ft): 26.55 

cm2ete tens. str. oW 3.25 

MXL- cc ndh" I+C+R 

Fig. 7.91 

-600- 

DI 
26 

12 

r=--Zl 

IL "1. 

P(kN) 6(um) P(kN) 6(un, ) 
10.0 542 35.0 1110 
15.0 763 40.0 12,220 
20.0 870 45.0 1320 
25.0 935 4 1720 

t-30.0 
1 
1040 1 
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TEST 4.01ý -Partially bonded anchor 

p (TOO 
I kN It (MPQ I 

arrected arie , dth respect 

ab 
cob 

ob 

02 f I&C f 

170'(111.40) 
to bczxUT lergLh 1=10m 

76 111 

Go Macc) &-(SOD) eis /rom 

1 10 w 

Ls 30) 

A J. Is- -8igm) 

pats 

%*-'w . 106mpcl 

I oc a- 
1500 

&2, )DMPa 

DI 

at the ocnerete 
reain interfaoe. 

mode of failure: C Py T&A 6 p Tad 
tW :1 tw Cf driu Irre in 0 [M] 

_ __LýmL 
Lky 

E 

Z'pe of kx*w d of inamt-cf rwin : Far 2. %. 
-1-5. 

N, 93. ZI(671 
k-drr dimster I=) : 12 Caxr. Str. W -19.56 10. 5-W W1 ) 9.0 7. 525(8121 

in) : 2/16 tensil Str. Hb] : 2.63 m 4ý . , Ip'hole cilmostw r 2/16 8.94, 219M) 
. 
10.2 ý2-301 844(1 

Alvdve : CUEOP5yrete Spalm : 3-01 1 1 
-9 

TEST &. 0fl-Partiou 

cX 

1 80 i 100 f 

SL 12 A 

=Tecw%dlm cc 6 
banded aschor 

Pik N) ttOC(MP*) 

#Splitt 
st*- 123.06) 
146. UQ90) 

0.41ý R7.91) 

26. 
ooo/ 

sm 

ts (6-96) 
flt azw 6=(122.9)pl-l 

I 

Mide 

B, Td l«gth 61 : 10 Wta: d of &ü 
_: 

pw--- ins] (Wal IW (IS 1 (um, ' 

ZTP cir klä= Tremd Met-cd eC Lioertar mein 
_o 

Peim 15 2.9ý 174 7.5 1 qej 

min UawUr Nu) : 12 Gm=ete Gcqr. Str. 51.78 Yi 5.97 

R 

QqýInDle dimet&, Wm 1: 2/16 Omrete tei-eiil &x.. f Wo 1: 3.69 4S 8.95 (X» 10.5 2D. 13M 
3.14 40 h1 

-94 

Fig. 7.92 

-150- 



TEST 4.031 - Partially bonded anchor 

95 f 

PI Toc I 
(kN Impa) LV 

cm7wbed curve u6th 
respect to eccentriciv 

HM-15)ponr-M Of 1.00M 

9bi 117.911 
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Fig. 7.93 

-151- 



ITEST 4-0ý-Partially bonded anchor 
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ITEST 4.017- Partially bonded anchor 
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Fig. 7-95- Comparison of the, fundamental law P--P(6) for different 
types of adhesive. 
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Fig. 7.96. Comparison of the fundamental law for different values of 
embedment length. 
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Fig. 7.97. Co6parison of the'filhdamental law P--P(6) -for difýereA 
types of anchor. 
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Fig. 7-98. Comparison of the fundamental law for different anchor 
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Fig-7-100. The effect of the method of insertion of resin on the 
P=P(b) relationship. 
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Fig-7-101. The influence of thickness or resin on the r=; rkb) 
relationship. 
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Fig. 7-102. The influence of the eccentricity of the anchor on the 
P---P (6) curve. 
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Fig-7-103. The influence of the method of drilling. 
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Fig. 7.105. The effect of the amount of reinforcement. 
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Fig. 7.107. The group and the edge effect on the P =P (6) relationship. 
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Fig-7.129. Specimen 3.03 (1=5d) 
Resin strains in the lower strain 
gauge. 
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Fig-7-134- Specimen 3.04 (plain bar) 
Distribution of resin strains. 
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Fig. 7-136. Specimen 3.14 (C50) point C1 - Strains ezz Eyy, ess , ell, 

C22 and inclination of principal strains of concrete. 
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Fig. 7-140. Specimen 3.05 (ribbed bar). Steel strains. 
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Fig. 7-148. Local bond - local slip for concrete to steel 
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Fig. 7-149. Local bond local slip for steel to steel 
adhesive joints. 
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Values of the anchor steel strain E2sjAEj 

Concrete face 
P. IOU P-20 kN P*30 kN 

Z EXP TH. & FFA Elp TH. A FU ECP TH. A FEA 

0 771 77, 1542 1542 2313 2313 
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IS84 REMARK 20 740 630 1490 1200 2310 IWO 

r v : F. E. A 25 607 121/ 1621 
30 520 1040 15W 

Th. Analysis 35 483 966 1449 
40 440 880 1320 

Eirp work 45 436 m 1308 
50 07 3b4 1050 728 1830 1092 
55 336 672 1008 

Lt. I to 285 570 855 
65 276 552 828 ýD ?o 216 432 648 
75 187 374 5bi 
80 184 143 496 286 9DS 429 
35 121 242 30 
90 71 142 213 
95 36 72 108 

100 0 0 0 

(8.1. a) Distribution of the steel strains Ezs. (gE)/Xzo. y. 0 
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(8.1. b. ) Distribution of the resin tensile : trains c, (mc) 
at r-7mm (middle of resin thicknes ) 
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Fig. 8-1- Comparison of the steel strains and displacement and 
resin strains derived from theoretical and finite 
element analyses with those obtained experimentally. 
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Concrete face 
Distribution of the concrete resin interfacial 
shear stress Icr IN/mm2l at r--Smm. P=10 kN 
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REMARK 
0 2.24 
5 1.56 

All F -: F. E. A a NMI 
20 , 

i 10 2.21 
15 1 0 

a Th. Analysis 30 
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work Exp 40 30 2.06 
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90 
95 U -12 66 -9 6 75 

100 0 

Fig. 8.2. Comparison of the interfacial concrete - resin shear 
stresses calculated by theoretical and finite element 
mialyses, and of concrete strains derived from both 
analyses with those obtained experimentally. 
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Plate 2. The experimental set up. 
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Plate I. The experimental set up. 



Plate 3. Fixing of concrete specimen on the testing machine. 
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Plate 5. Detail of the slip measuring device (LIJT) - 
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Plate 6. Failure surface with the precast mortar cube 
carrying the concrete strain gauges. 
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i, ý : urface with the pre,, ýas,, imcr*, ar C, ýJe 
carrying the concrete strain gauges. Close-up. 



late 6. Typical combined mode of failure. 
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Plate 11. Typical combined 
mode of failure. 
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Plate 12. Split specim(ý, - 
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? iate 13. Faiiure surface of spiit specim,, -.. 

'\. T: !. 
''; 

\; 4. 

'4 
I- 

plate 4. rai-i-ure surface of split specimen. Close-up. 
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Plate 16. Details of split specimen. 
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Plate 18. Typical bond failure. 
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Plate 19. Typical bond failure. 
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Plate 21. Double cotie of concrete f, --iilure. 
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Plate 22. Detail of the double cone of failure. 
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Plate 23. Double cone of 
concrete failu- 
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Plate 24. Double cone of concrete failur6- 
Close-up. 



25.1 

Plate 25. Concrete failurc, 
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Plate 27. Resin failure at the bottom. 
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Plate 28. Detail of resin failure at the bottom. 
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Plate 29. Detail of the resin failure at the bottom. 
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Plate 31 . Detail of bond failu,.,.,,,. 
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Plate 38. Pull-out test of 
partially bonded 
anchor. 
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Plate 39. Pull-out test of partially bonded 
anchor. 



Plate 40. Pull-out test of partially bonded anchor. 
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APPENDIX A: CALCULATION OF ULTIMATE STRENGTH OF DIFFERENT 

CONCRETE - RESIN JOINTS 

A. 1 Ultimate tensile strength of a concrete - resin butt 

joint 

1+r2 /2h2 
Of = 

-1( 1+(3r2 A2 ) 
N/(2Ea Os 

Qs=Wa/h ý for thin joint. 

1/Ea=(l/Ec )+(1/Eres 

Wa=178. mN/m=0.178N/m=0.178/1000=0.00018N/mm, according to 

Table 3.2 

Ec=30,000 N/mm2 
.k 

Er= 3,000 N/MM2 

1/Ea=(1/30,000)+(1/3,000)=0.00037 

E, =2,727 N/mm2 

For r=10mm, h=lmm 

1+r2 /2h2 1+ ( 10) 2 /2 ( 1) 2 1+100/2 

, 1(1+(3r2 /2h2 Nf(l+(3(10)2 /2(1.0)2 1[1+(3(100/2))] 

51 

-=4.15 
NI(151) 

Q, =0.00018Nmm/l. Omm=0.00018N/MM2 

P. af=4.15N/(2(2727)(0.00018))-9.19N/MM2 

and for e-0.02 

P=1+(8/7E) (r/h) (E/(1+6)2 

-1+[(8/3.14)(10/1)(0.02/(1+0.02)2)1=1.489 

or 

af =6.17 N/mM2 

-A. I- 



A. 2 Ultimate shear strength of a concrete-resin single lap 

joint 

Da =Dres =Er es 
/2( '+vr )=3,000/2(l+O. 3)=1154 N/MM2 

E =E, =30,000 N/MM2,2c = 60mm, t 60mm, t. = 21nm 2 

2 (C)2 Da 
2 -= 

E2 t2 ta 

62- 
E, t, +E2 t2 

2E1 t, 

2(30)2(1154) 
= 0.5770 

(30,000)(60)(2) 

2E, tj 

2E, t, 

6-4(0.5770)=0.76 C=1.0 

sinh(2F-B)=2.176 

cosh(2eb)=2.395 

P=(0.76/1.0)[(2(1)2-1+cosh(2e6)]/sinh(2e6)]= 

= 0.76[(1+2.395)/2.1761=1.186 

for a=0.005 mm: 

, Tf =(l/1.186)%1[E, W, /ir(l+v, )al= 

-0,843,1[(3,0 0 ON/MM2 ) (0.18mN/m) )/ic(l+O. 3) (0.005)nun- 

=0.843V(28.07)=(0.843)(5.30)N/MM2-4.46 N/mm2 

In general: 
V(Ea)(Wa) 1 

, rf =(1/1.186) 
Nf 

0.843,1(0.140/, I(a) 

,=0.3161V(a) 

and thus: 

a=0.01 mm rf =3.16'N/MM2 
a=O. 1 mm Tf=1.0 N/MM2 

a=O. 5 mm Tf -0.45 N/MM2 
a=1.0 mm Tf=0.32 N/MM2 
a=2.0 mm "rf =O. 22 N/mm2 
a=3.0 mm rf =O. 18 N/MM2 
a=4.0 mm Tf=0.16 N/MM2 



A. 3 Strength of. a concrete-resin double shear joint 

E=E2/Ej=30,000/3,, 000=10,, D= 40mm 

l+V, 1+V2 l+O. 3 l+O. 3 
912-1+(E2/2) (- - -) - 1+(30j000/2)(- - -) 

Ei E2 31000 30j, 000 

=1+15.000(0.00043-0.00004)=6.85 

P12 '= (E+1)1(912+1) = (10+1)/(6.85+1) - 1.40 , 

(2p, 2-1)/P, 22=(2(l. 4)-l)/(1.4)2=0.92 

G=(K2/2)[(l/E, )+(l/E2)[(2Pl2-l)/(Pl2 2)] 

=(K2/2)(1/31000+1/30,000)(O.. 92)- 

=K2 C'0.5(0.00033+0.000033) 10.92=(0.00017)K2 

. for G=0.000180 1; /MM2 (See A. 1): 

K112 - K2 - 0.000180/0.00017 - 1.124 

K=1.06 

Q -- Qh V(Ea /Es ) 

Q, -(a/D) [0.0325+14.63(a/D)-46.0 7(cx/D)2+61.0 3(a/D)3 

Qh (NI(Ea /Es )) 

KI 1 1.06 
-rf ==-, according-to Eq. (3.26) 

QVa QVa 

a 
r"ni 

o/D constant 14.63(o/D) -46.07(a/D)l 61.03(o/D)3 Qh QQhvr(Ea/Es) I Q10 7f 
Wal 

0.5 0.0125 0.0325 0.182 -0.007 0.000 0.207 0.065 0.046 23.04 
1,0 0,0250 0.0325 0.365 -0.029 ---0.001 0.369 0.117 0.117 

- 
9.05 

2.0 0.0500 0.0325 0.731 -0.115 0.001 0.649 1.205 0.220, 4.82 
3.0 0.0750 0.0 25 1.097 -0.259 0.026 0.896 0.283 0.490 2.16 
4.0 0.1000 0.0325, 1.463 -0.460 -- 

0.061 1 096 0 346 0.69Z 53 
5,0 0,1250 0.0325 1.823 -0.719 0.119 

ý -N7 Oý887' 1.201 

-A. 3- 



A. 4 Calculation of stress and strain'of each component,, 

according to theoretical analysis (Chapter 5) at 

P=10 kN 

d= 12 mm Er= 3p000 NIMM2 A max- * 
113 MM2 

t= 2 mm Ec= 30,000 N/MM2 A: min: 75.39 mm2 
1-100 mm E -210,000 S 

N/MM2 AS m 93.26 mm2 

Er 
Ga= -= 1154 N/MM2 A, -(600)(600) 360,000 MM2 

2( 1+v) 4= 11/4 (162 -1; 2 ) =95.2 MM2 

Asnetto m 65 MM2, see Appendix C 

Xs =(Es ) As =(210,000 N/MM2 ) (65 mm2 )- (1.37)107 N 
Xc =(Ec ) Ac =(30,000 N/MM2 ) (360 j, 000 MM2 (1-08)1010 N 
Xr =(Er ) Ar = (3,000 N/MM2 ) (95.2 MM2 ) (2.86)105 N 

Fig. 7.93. Test 4.03: 6=(70.15)PO - 966-70.15(T. ii. do l0)0 - 966m 

[(3.14)(16)(. 10)10-966 
=70.15 To. 96 6'. 

1000 

-36.07 TO. 966 

6 [ILm] , 'r [N/MM2 ] 

a= (36/1000)mm . 
l(N/MM2) = 0.036 MM3/N 

do t2 
a(ll +--0.036(1+(16/12)) +--0.086 mm3/N 

d Ga 1154 

dtN 
pc) =a+-0.036(16/12)+(2/1154) - 0.051 [-] 

do Ga ITM3 

-ndo 11 (3.14)16 11 42.64 
++)) 

06 Xs xc 0.086 (1.37)107 (1.08)1010 06 

(6.53)10-3[-] 
I= 

xl = [(6.53)10-3](100) = 6.53 10-1 = 0.653 

sinh(xl) - 0.709, COBh(xl) - 1.22 

-A. 4- 



A. 4.1. STEP 1- Interfacial shear stress T 

-r = 
xp 

[cosh(xz)] = 
((6.53)10-3)[cosh(xz)] 

7Edo (sinh(xl) ] (3.14)(16)(0.709) 

((1.84)10-4)[cosh(xz)] 

N 
'ro C-] = (1.84 10-4 )p (N] 

rnM2 

-rl = (-ro )cosh(xz) = 

A. 4.2. STEP 2- Steel force 

p Psinh((0.00653)z) 

sinh(xl) 
sinh(xz) =P 

sinh(O. 653) 

A. 4.3. STEP 3- Resin strain 

po X2 1 0.051((6.53)10-3)2 
so L. + -1 = Pl- + 

7Edo Es As (3.14)16 (1.37)107 

P[(-0.043)10-6 + (0.736)10-7]= 

P[(0.300)10-7] tP [N] 

or 
so [pel = [(0.300)10-1]Pl P[N] 

for P 10 KN = 10.000 N 

so [ (0.300) 10- 1]. 104 = 300 ps 

I 

-A. 5- 



A. 4.4. DIstributions of stresses and strains at P-10 kN 

A. 4.4.1. Tcr distribution -r-rO(cosh((0.00653)z)) 
for P=10 kN 

z cosh(kzl T(N/mm2 
100 1.22 2.24 

90 1.2009 2.21 
80 1.1577 2.13 
70 1.1200 2.06 
60 1.0877 2.00 
50 1.0606 1.95 
40 1.0387 1.91 
30 1.0217 1.88 
20 1.0096 1.86 
10 1.0024 1.84 

es distribution e, =e.. (sinh(kz)/0.709), eso-771 pe 
for P=lOkN eso'110*000 / Asnetta - Es I 

z 
100 771 

90 685 
80 600 
70 520 
60 440 
50 364 
40 285 
30 216 
20 143 
10 71 

00 

z distribution c =60 (1- 
sinh(kz) 

)= c (1- 
sinh(0.0065z) 

r r' 0 for P=10 kN sinh(kl) 0.709 

z sinh(0.0065)z)/0.709 Cr (116) 

100 1.0 0 
90 0.974 8 
80 0.854 44 
70 0.738 84 
60 0.623 113 
50 0.512 146 
40 0.411 177 
30 0.307 208 
20 0.204 238 
10 0.007 398 

-A. 6-8 



A. 4.5. Steel'displacement at P=10 kN 

1 cosh(kl) -1p1 (1.22-1) 
wW+w+ s009 Es As x sinh(xl) E. A. x 0.709 

(771.10-6) 1 (0.22) 
=W 0+ 

[ 
0.709 6.53 1()-3 

[mm] 1- 

0.771 0.22 
m [mm) - 0.709 6.53 

= Wo + 0.037 [mm) 

wo 
,1.11 , 

er dZ - 
11 

so 
(1-sinh(xz»dz 

00 sinh(xl) 

901 co 11 
(P-0 ) 1- - sinh(xz) dz =(so )1- [- cosh(xz) ]- 

sinh(xl) 

1. 

sinh(xl) x0 

= (so )l- 
so 

[ [cosh(xl)-1»m 
sinh(xl) x 

l(1.22-1) 1 
- 300.10-6[100 -[6.53.10-3 -1-0.027 mm 

0.709 

do t do 2 
Wo 

,2= 
(a -+ -)-r = (0-036 -+ -)2.24 = 0.193 inm 

d Ga d 1154 

Ws = 0.037 + 0.027 + 0.193 = 0.257 mm 

-A. 7- 



A. 4.6. STEP 4- concrete strains 

A. 4.6.1. Contribution of shear forces 

It is assummed that P can be simulated by three equal 

shear forces along the anchor axis. T=P/3 

Thus, according to Eq. (5.51)-(5.54) the stresses due to 

one only of these forces, are: 

P/3 (10,000/3) 
ax 

81t( 1-v) 
[GOT X (8). (3.14)(1-0.20) 

(a 0 ]w 165.85 [aoxl 

P/3 
cry 

8n(l-v)' 
[a 0TY 165.85 [coy 

P/3 
crz 

81t( 1-v) 
100 

% 
TZ 165.85 [cyoz 

Irx y 

P/3 

__ 
[ -ro rz 165 . 85 -ro xY 87t(l-v) 

-A. 8- 



A. 4.6.2. Contribution of radial pressure 

j3 i4l 

j-4 

HI X1, 
sX (g 10ba 1) 

X3 3H 

X4 

o0 

ým (X. Y)/(Xi. y I)-(x2 Y2). y2 
(X3, y3)-(X4, y4). 

x Z2 YI 

(global 

Fig. A 

x4 

x, m-8 mm 
y4 m+18 mm 

z-0,15,35,55,75,95 mm 

OM x4P4m- cym xP4 

CYM y4P4m CYM xP4 

x--, 2xi X2 X3 

x=18 mm x2 --8 mm X3 --26 mm 
Y=o, mm' y2 =-18 inm y3 -0 'nM 

z=O-�15,35,55,75j95 z-0,15,35�55p75�95 z-0,15,35,55.75�95mm 

c1milpl = Clm. -x. Pl crm. x2. P2 ---cym. Y, P2 CXM, x3. P3 ý -CYM. X. P3 

CIM y1P1= CIM 
,y. P1 aM 

.y2, P2 M+CY M. x. P2 CYM 
.y3, P3m -C7M .y. P3 

CYM x, P1+P2+P3+P4 " ,a M .xI, p1 - CYM y2P2 OM x3P3 
+ GM 

,y4, P4 

CYM y, PI+P2+P3+P4 CYM 
,yI, PI + CM x2P2 4: 1M y3P3 - C: 'M 

. x4, P4 

A. 9 



A. 4.6.3 . Calculation of values of lateral forces 

(See distribution of interfacial shear,, stress Tcr) 

I Hi (0.57. -rcr 
. 
+, 0.10) 11 it d 

H2 
.12.24 + 2.06 

Hl. zl 
1/4 [(0.57 ,2 

H 2.2 + 0.10 ] 33 (3.14) 

- (1/4)(2.226) - 556 N 
'2.3 

H2 z2= 
510 N 

100 
1k 

3L 556, # Wo 499 VI x 522 N 
H3 

z3 
499 N 

Fig. A. 2 

For sake of simplicity the assumption is made that 

H, =H2 . 
H3 =H. 500 N. 

Thus, according to Eq. (5.58)-(5.61), the stresses 

due to the action of one only of these forces, are: 

HH 
Cr x= 87t( 1-v) 

[Go Hx 87t( 1-v) 
ax 0 

HH 
cyy = 

8u( 1-v) 
lcyoHy I= 

8w( 1-v) 
: ly 

HH 
ciz = 

Bn(l-v) 
ICYOHZ I- 

8n( 1-v) 
az 

H 
Ty z= 87c( 1-v) 

1roHyz I 

H 
= 

8n(l-v) 
Iry z0 

Irx y 
[ToHxz 

-A. 10 - 



Irx 
8u( 1-v) 

and 

Soo 
24.89 N 

8(3.14)(1-0.20) 

and: ý 

0- a[N/MM2 1 

ex 
,y. Z [JIF-] -«3 - 106 - 106 - (33.3)0[N/Inm21 

E 30,000 [N/mm21 

t 

-A AI- 



A. 4.6.4. Mindlin solution for interfacial shear forces 

T, -+T2+T3, Fig 5.4. a, (SA) 

x y z v k cc Z-ca RIO R20 Z+Ca Cox coy coz Toyz TQZX 

18 0 0 . 20 165.85 16.50 -16.50 24.42 24.42 16.50 1.91E-1 -I. 07E+0 O. OOE+O O. OOE+O O. OOE+O 
18 0 15 . 20 165.85 16.50 -1.50 18.06 36.28 31.50 -1.66E-1 -1.97E-1 -4.61E-1 -3.03E-2 -3.03E-2 
18 0 35 . 20 165.85 16.50 18.50 25.81 54.56 51.50 -2.12E-1 8.60E-2 -?. ISE-1 -2.74E-2 -2.74E-2 
18 0 55 . 20 165.85 16.50 38.50 42.50 73.73 71.50 -8.32E-3 4.89E-2 -4. S6E-1 -9.61E-3 -9.61E-3 

ý18 75 . 20 165.85 16.50 58.50 61.21 93.25 91.50 1.18E-2 2.76E-2 -2.70E-1 -3.92E-3 -3.92E-3 
! 18 0 95 . 20 165.85 16.50 78.50 80.54 112.94 111.50 1.15E-2 1.75E-2 -1.74E-1 -1.94E-3 -1.94E-3 

FX ý- 
Y 
ý 

z v kI Co Z-Cp RIO R20 Z+CA "OX coy ON lpyz TOZX 

18 0 0 . 20 165.85 49.50 -49.50 52.67 52.67 49.50 -2.67E-1 -3.40E-1 0. OOE+O O. OOE+O 0. OOE+O 
IS 0 15 . 20 165.85 49.50 -34.50 38.91 66.96 64.50 -1.09E-1 -1.71E-1 9.10E-2 -9.60E-3 -9.60E-3 
18 0 35 . 20 165.85 49.50 -14-50 23.11 86.40 84.50 1.96E-1 -1.55E-1 1.97E-1 -2.54E-2 -2.54E-2 
18 0 55 . 20 165.85 49.50 5.50 18.82 106.04 104.50 -3.11E-1 6.73E-2 -2.25E-1 -2.23E-2 -2.23E-2 
is 0 75 . 20 165.85 49.50 25.50 31.21 125-79 124.50 -6.31E-2 7.71E-2 -4.41E-1 -1.48E-2 -i. 48E-2 

118 I 
0 95 . 20 165.85 49.50 45.50 48.93 145.62 144.50 8.82E-3 3.58E-2 -2.65E-1 -4.95E-3 -4.95E-3 I 

x Y Z v kI Cy Z-cy Rly R2y Z+Cy 0 YX a yy oyz T YYZ Tyzx 

18 0 0 
. 20 165.85 84 -84 85.91 85.91 84 -1.25E-1 -1.36E-1 0. OOE+O 0. OOE+O 0. OOE+O 

18 0 15 . 20 165.85 84 -69 71.31 100.62 99 -7.52E-2 -8.25E-2 2.34E-2 -1.68E-3 -1.68E-3 
18 0 35 . 20 165.85 84 -49 52.20 120.35 119 -4.42E-2 -6.41E-2 1.12E-1 -4.16E-3 -4.16E-3 
18 0 55 . 20 165.85 84 -29 34.13 140.16 139 1.23E-2 -8.80E-2 2.74E-1 -1.19E-2 -1.19E-2 
18 0 75 . 20 165.85 84 -9 20.12 160.02 159 3.21E-1 -1.18E-1 1.71E-1 -2.47E-2 -2.47E-2 
18 0 95 . 20 165-85 84 11 21.10 179.90 179 -3.13E-1 1.12E-1 -3.14E-1 -2.52E-2 -2.52E-2 

ax Gy oz TyZ TZX 

-2. OOE-1 -1.54E+O O. OOE+O O. OOE+O O. OOE+O 
-3.50E-1 -4.51E-1 -3.46E-1 -4.16E-2 -4.16E-2 
-6.07E-2 -1.33E-1 -4.06E-1 -5.69E-2 -5.69E-2 
-3.07E-1 2.82E-2 -4.07E-1 -4.38E-2 -4.38E-2 
2.69E-1 -1.37E-2 -5.40E-1 -4.34E-2 -4.34E-2 

-2.93E-1 1.65E-1 -7.54E-1 -3.21E-2 -3.21E-2 

-A. 12 - 



A. 4.6.5. Mindlin solution for lateral pressure 

A. 4.6.5.1. Forces (H,., )+(HI. 2)+(HI. 3);, Fig. 5.4. a (SBA) 

XI Yl Zl vk1 Co Zl-Co Rja R2' Zl+C'2 OOX1 CIGY1 gaz1 Toyjzl TGZJXJ 

18 00 . 20 24.89 16.50 -16.50 24.42 24.42 16.50 -1.06E-1 7.18E-2 1.34E-19 0. OOE+O 3.38E-2 
18 0 15 . 20 24.89 16.50 -1.50 18.06 36.28 31.50 -2.86E-1 5. lIE-2 5.66E-2 0. OOE+O 8.37E-3 
18 0 35 . 20 24.89 16.50 18.50 25.81 54.56 51.50 -5.86E-2 1.65E-2 -2.37E-2 0. OOE+O -6.57E-2 
IS 0 55 . 20 24.89 16.50 38.50 42.50 73.73 71.50 -8.30E-3 3.89E-3 -1.20E-2 0. OOE+O -2.03E-2 
18 0 75 . 20 24.89 16.50 58.50 61.21 93.25 91.50 -2.31E-3 1.39E-3 -5.30E-3 0. OOE+O -9.11 E-3 
18 0 95 . 20 24.89 

.. 
16.50 78.50 80.54 112.94 111.50 -9.09E-4 6.52E-4 -2.80E-3 0. OOE+O -5.16E-3 

X1 YJ ZI v k CO ZI-co RIO R20 ZI+CO COM opyl Oozi ToylZl TOZIXJ 

18 0 0 
. 20 24.89 49.50 -49.50 52.67 52.67 49.50 4.63E-3 1.08E-2 -4.48E-20 0. OOE+O 1.01E-2 

18 0 15 . 20 24.89 49.50 -34.50 38.91 66.96 64.50 -9.88E-3 6.86E-3 -7.81 E-3 O. OOE+O 1.49E-2 
18 0 35 . 20 24.89 49.50 -14.50 23.11 86.40 84.50 -8.90E-2 2.23E-2 -1.85E-2 0. OOE+O 6.69E-2 
18 0 55 . 20 24.89 49.50 5.50 18.82 106.04 104.50 -2.25E-1 4.05E-2 2.42E-2 0. OOE+O -7.17E-2 
18 0 75 . 20 24.89 49.50 25.50 31.21-125.79 124.50 -2.40E-2 8.92E-3 -2.02E-2 O. DOE+O -3.57E-2 
18 0 95 . 20 24.89 49.50 45.50 48.93 145.62 144.50 -4.15E-3 2.34E-3 -7.43E-3 O. OOE+O -1.15E-2 

X, Y, Zj vk CY Zj-CY Rly R2y Zj+Cy OYXI Gyyj GYZJ TyylZl TyZlXl 

18 00 . 20 24.89 84 -84 85.91 85.91 84 1.67E-3 2.63E-3 1.43E-19 0. OOE+O 3.96E-3 
18 0 15 . 20 24.89 84 -69 71.31 100.62 99 -6.58E-4 1.65E-3 -1.07E-3 0. OOE+O 2.97E-3 
18 0 35 . 20 24.89 84 -49 52.20 120.35 119 -3.25E-3 2.22E-3 -5.33E-3 0. OOE+O 6.63E-3 
18 0 55 . 20 24.89 84 -29 34.13 140.16 139 -1.64E-2 6.90E-3 -1.70E-2 0. OOE+O 2.45E-2 
18 0 75 . 20 24.89 84 -9 20.12 160.02 159 -1.65E-1 3.30E-2 4.05E-4 0. OOE+O 8.1 IE-2 
180 95 . 20 24.89 84 11 21.10 179.90 179 -1.33E-1 2.87E-2 -1.01E-2 0. OOE+O -8.23E-2 

OXI cyl OZI Tylzl TZIXI 

-9.95E-2 8.52E-2 2.33E-19 O. OOE+O 4.79E-2 
-2.97E-1 5.96E-2 4.77E-2 O. OOE+O 2.63E-2 
-1.51E-1 4.11E-2 -4.75E-2 O. OOE+O 7.78E-3 
-2.50E-1 5.13E-2 -4.73E-3 O. OOE+O -6.76E-2 
-1.91E-1 4.34E-2 -2.51E-2 O. OOE+O 3.63E-2 
-1.38E-1 3.17E-2 -2.03E-2 O. OOE+O -9.90E-2 

-A. 13 - 



A. 4.6.5.2. Forces (H2.1)+(H2.2)+(H2,. 3 )I (SB. 2) 

X2 Y2 Z2 vk 11 Cc Z2-CO RIO R20 Z2+CO OcX2 COY2 OOZ2 TcY2Z2 TOZ2X2 

-8 -18 0 . 20 24.89 

-8 -18 15 . 20 24.89 

-8 -18 35 . 20 24.89 

-8 -18 55 . 20 24.89 

-8 -18 75 . 20 24.89 

-8 -18 95 . 20 24.89 

16.50 -16.50 
16.50 -1.50 
16.50 18.50 
16.50 38.50 
16.50 58.50 
16.50 78.50 

cy2 

1.61E-2 
4.51E-2 
2.02E-2 
4. OSE-2 
3.04E-2 
2.21E-2 

25.70 
19.75 
27.02 
43.25 
61.73 
80.93 

4.53E-5 
3.40E-2 
1.08E-2 
2.43E-3 
8.16E-4 
3.47E-4 

2.04E-2 -1.99E-20 
4.66E-2 -1.92E-2 
6.96E-3 7.95E-3 

-3.49E-4 4.90E-3 
-3.76E-4 '2.27E-3 
-2.24E-4 1.22E-3 

D. OOE+O 2.90E-2 
6.42E-3 -1.03E-2 

-1.37E-2 -3.05E-2 
-2.83E-3 -1.41E-2 
-7.80E-4 -7.48E-3 
-2.95E-4 -4.55E-3 

X2 Y2 Z2 'k1 cß z2-CO Rlß R2ß Z2+Cß CßX2 CßY2 OßZ2 TßY2Z2 tßZ2X2 

-8 -18 0 . 20 24.89 49.50 -49.50 53.28 53.28 49.50 -2.96E-3 -3.29E-3 -1.99E-20 3.58E-21 9.78E-3 

-8 -18 15 . 20 24.89 49.50 -34.50 39.73 67.44 64.50 2.45E-3 -9.07E-4 2.94E-3 3.92E-3 6.51E-3 

-8 -18 35 . 20 24.89 49.50 -14.50 24.46 86.77 84.50 1.31E-2 1.37E-2 5.07E-3 1.80E-2 1.87E-2 

-8 -18 55 . 20 24.89 49.50 5.50 20.45 106.34 104.50 2.50E-2 4. OOE-2 -9.40E-3 -1.65E-2 -2.01E-2 
-8 -18 75 . 20 24.89 49.50 25.50 32.22 126.05 124.50 4.89E-3 1.96E-3 7.40E-3 -7.87E-3 -1.72E-2 
-8 -18 95 . 20 24.89 1 49.50 45.50 49.58 145.84 144.50 1.24E-3 -3.56E-4 3.06E-3 -1.62E-3 -8.05E-3 

X2 Y2 Z2 vk Z2-Cy Rly R2y Z2+Cy ClyX2 OyY2 OyZ2 TyY-2Z2 TyZ2X2 

-8 -18 0 . 20 24.89 

-8 -18 15 . 20 24.89 

-8 -18 35 . 20 24.89 

-8 -18 55 . 20 24.89 

-8 -18 75 . 20 24.89 

-8 -18 95 . 20 24.89 

84 -84 86.28 86.28 84 -8.19E-4 -1.03E-3 5.38E-20 1.79E-21 3.91E-3 
84 -69 71.76 100.94 99 1.94E-4 -6.06E-4 4.53E-4 3.96E-4 2.19E-3 
84 -49 52.81 120.62 119 1.01E-3 -4.85E-4 2.20E-3 1.32E-3 3.92E-3 
84 -29 35.06 140.39 139 3.62E-3 B. 19E-4 6.42E-3 5-91E-3 I. IIE-2 
84 -9 21.66 160.22 159 1.99E-2 2.88E-2 -1.78E-3 2.03E-2 2.09E-2 
84 11 22.56 180.08 179 1.70E-2 2.27E-2 1.85E-3 -2.02E-2 -2.44E-2 

Ox2 

-3.74E-3 
3.66E-2 
2.49E-2 
3. lIE-2 
2.56E-2 
1.86E-2 

25.70 16.50 
37.15 31.50 
SS. 14 51.50 
74.16 71. SO 
93.60 91.50 

113.23 111.50 

Gz2 'ry2z2 Tz2x2 

1.39E-20 5.38E-21 4.27E-2 

-1.58E-2 1.07E-2 -1.55E-3 
1.52E-2 5.56E-3 -7.87E-3 
1.91E-3 -1.34E-2 -2.31E-2 
7.89E-3 1.17E-2 -3.84E-3 
6.14E-3 -2.21E-2 -3.71E-2 
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A. 4.6.5.3. Forces (H3.1)+(H3.2)+(H3.3 (SB. 3 

X3 Y3 Z3 v k ca Z3-Cc RIC R2a Z3+Ca laX3 CaY3 CaZ3 TaY3Z3 TcZ3X3 

-26 0 0 . 20 24.89 16.50 -16.50 30.79 30.79 16.50 1.1BE-1 -3.98E-2 0. OOE+O 0. OOE+O 1.69E-2 

-26 0 15 . 20 24.89 16.50 -1.50 26.04 40.84 31.50 1.47E-1 -2.74E-2 -2.37E-2 0. OOE+O -3.55E-3 
-26 0 35 . 20 24.89 16.50 18.50 31.91 57.69 51-50 5.72E-2 -1.31E-2 9.15E-3 0. OOE+O -4.54E-2 
-26 0 55 . 20 24.89 16.50 38.50 46.46 76.08 71.50 1.21E-2 -4.40E-3 1.13E-2 0. OOE+O -2.03E-2 
-26 0 5 . 20 24.89 16.50 S8.50 64.02 95.12 91.50 3.56E-3 -1.78E-3 6.30E-3 0. OOE+O -9.63E-3 
26 0 95 . 20 24.89 16.50 78.50 82.69 114.49 111.50 1.40E-3 -8.79E-4 3.63E-3 0. OOE+O -5.44E-3 

X3 Y3 Z3 vk1 Cß Z3-Cß RIß R2ß Z3+Cß CßX3 OßY3 00Z3 TßY3Z3 TßZ3X3 

-26 00 . 20 24.89 49.50 -49.50 S5.91 55.91 49.50 -1.28E-3 -1.21E-2 0. OOE+O 0. OOE+O 8.46E-3 

-26 0 15 . 20 24.89 49.50 -34.50 43.20 69. S4 64.50 1.42E-2 -7.64E-3 4.58E-3 0. OOE+O 1.56E-2 

-26 0 35 . 20 24.89 49.50 -14.50 29.77 88.41 84.50 7.23E-2 -1.54E-2 -3.06E-4 0. OOE+O 3.63E-2 

-26 0 55 . 20 24.89 49.50 5.50 26. S8 107.69 104.50 1.21E-1 -2.09E-2 -1.77E-2 O. OOE+O -2.81E-2 
-26 0,75 . 20 24.89 49.50 25.50 36.42 127.19 124.50 2.92E-2 -8.1SE-3 1.11E-2 O. OOE+O -3.01E-2 
-26 0 95 . 20 24.89 

- 
49.50 4S. 50 52.40 146.82 144.50 6.44E-3 -2.76E-3 7.22E-3 0. OOE+O -1.22E-2 

I 
CY Z3-Cy Rly R2y Z3+Cy GyX3 OyY3 OyZ3 yY3Z3 13 Y3 Z3 11 kT TyZ3X3 

-26 00 . 20 24.89 

-26 0 15 . 20 24.89 

-26 0 35 . 20 24.89 

-26 0 55 . 20 24.89 

-26 0 75 . 20 24.89 1-26 
0 95 . 20 24.89 

84 -84 87.93 87.93 84 -1.76E-3 -3.43E-3 6.47E-21 0. OOE+O 3.69E-3 
84 -69 73.74 102.36 99 1.18E-3 -2. IBE-3 1.16E-3 0. DOE+O 3.48E-3 
84 -49 55.47 121.81 119 5.09E-3 -2.72E-3 5.15E-3 0. OOE+O 7.59E-3 
84 -29 38.95 141.41 139 2.16E-2 -6.77E-3 1.07E-2 0. OOE+O 2.22E-2 
84 -9 27.51 161.11 159 1.02E-1 -1.87E-2 -9.22E-3 O-OOE+O 3.40E-2 
84 11 28.23 180.88 179 9.07E-2 -1.73E-2 -4.49E-3 0. OOE+O -3.94E-2 

CIX3 OY3 OZ3 TY3Z3 TZ3X3 

1.15E-1 -5.53E-2 
1.62E-1 -3.72E-2 
1.35E-1 -3.13E-2 
1.54E-1 -3.21E-2 
1.35E-1 -2.87E-2 
9.85E-2 -2.10E-2 

6.47E-21 

-1.80E-2 
1.40E-2 
4.37E-3 
8.14E-3 
6.36E-3 

O. OOE+O 2.90E-2 
O. OOE+D 1.55E-2 
O. OOE+O -1.51E-3 
O. OOE+O -2.62E-2 
O. OOE+O -5.77E-3 
O. OOE+O -5.70E-2 
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A. 4.6.5.4. Forces (H4.1 )+(H4 
.2 

)+(H4 
.3 

)1 (SB. 4 ) 

X4 Y4 Z4 vkI Co Z4-Co RjC3 R2a Z4+Ca C'aX4 CoY4 OoZ4 TGY4Z4 ToZ4X4 

-8 18 0 . 20 24.89 16.50 -16.50 25.70 25.70 16. so 4.53E-5 2.04E-2 -1.99E-20 O. OOE+O 2.90E-2 

-8 18 15 . 20 24.89 16.50 -1.50 19.75 37.15 31.50 3.40E-2 4.66E-2 -1.92E-2 -6.42E-3 -1.03E-2 
-8 18 35 . 20 24.89 16.50 18.50 27.02 55.14 51.50 1.08E-2 6.96E-3 7.95E-3 1.37E-2 -3. OSE-2 
-8 18 55 . 20 24.89 16.50 38.50 43.25 74.16 71.50 2.43E-3 -3.49E-4 4.90E-3 2.83E-3 -1.41E-2 
-8 18 75 . 20 24.89 16 50 58 * 50 61.73 93.60 91.50 8.16E-4 -3.76E-4 2.27E-3 7.80E-4 -7.48E-3 
-8 18 95 . 20 24.89 

1 
16*50 78.50 80.93 113.23 111.50 3.47E-4 -2.24E-4 1.22E-3 2.95E-4 -4.55E-3 

x4 Y4 Z4 'k1 Cß Z4-Cß Rlß R20 z4+Cß CßX4 00Y4 30Z4 tßY4Z4 TßZ4X4 

-8 IS 0 . 20 24.89 49.50 -49.50 53.28 53.28 49.50 -2.96E-3 -3.29E-3 -1.99E-20 -3.58E-21 9.78E-3 
-8 18 15 . 20 24.89 49.50 -34.50 39.73 67.44 64.50 2.45E-3 -9.07E-4 2.94E-3 -3.92E-3 6.51E-3 
-8 18 35 . 20 24.89 49.50 -14,50 24.46 86.77 84.50 1.31E-2 1.37E-2 5.07E-3 -1.80E-2 1.87E-2 
-8 18 55 . 20 24.89 49.50 5.50 20.45 106.34 104.50 2.50E-2 4. OOE-2 -9.40E-3 1.65E-2 -2.01E-2 
-8 18 75 . 20 24.89 49.50 25.50 32.22 126.05 124.50 4.89E-3 1.96E-3 7.40E-3 7.87E-3 -1.72E-2 
-8 18 95 . 20 24.89 

-1 
49.50 45.50 49.58 145.84 144.50 1.24E-3 -3.56E-4 3.06E-3 1.62E-3 -8.05E-3 

X4 Y4 Z4 vk 

-8 18 0 . 20 24.89 

-8 18 15 . 20 24.89 

-8 18 35 . 20 24.89 

-8 18 55 . 20 24.89 

-8 18 75 . 20 24.89 

-8 18 95 . 20 24.89 

CY Z4-Cy Rly R2y Z4+Cy OyX4 GyY4 OyZ4 TyY4Z4 TyZ4X4 

84 -84 86.28 86.28 84 -8.19E-4 -1.03E-3 5.38E-20 -1.79E-21 3.91E-3 
84 -69 71.76 100.94 99 1.94E-4 -6.06E-4 4.53E-4 -3.96E-4 2.19E-3 
84 -49 52.81 120.62 119 1.01E-3 -4.85E-4 2.20E-3 -1.32E-3 3.92E-3 
84 -29 35.06 140.39 139 3.62E-3 8.19E-4 6.42E-3 -5.91E-3 1.11E-2 
84 -9 21.66 160.22 159 1.99E-2 2.88E-2 -1.78E-3 -2.03E-2 2.09E-2 
84 11 22.56 180.08 179 1.70E-2 2.27E-2 1.85E-3 2.02E-2 -2.44E-2 

C'M CY4 CZ4 TY4Z4 'rZ4X4 

-3.74E-3 1.61E-2 1.39E-20 -5.38E-21 4.27E-2 
3.66E-2 4.51E-2 -1.58E-2 -1.07E-2 -1.55E-3 
2.49E-2 2.02E-2 1.52E-2 -5.56E-3 -7.87E-3 
3.11E-2 4.05E-2 1.91E-3 1.34E-2 -2.31E-2 
2.56E-2 3.04E-2 7.89E-3 -1.17E-2 -3.84E-3 
1.86E-2 2.21E-2 6.14E-3 2.21E-2 -3.71E-2 

4 
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A. 4.6. S. 5. Stresses due to (SB I)+ (SB 2)+ (SB 3) 

ox OY cz TyZ TZX 
] 

-2.15E-1 1.41E-1 2.67E-19 O. OOE+O 1.62E-1 
-4.59E-1 9.68E-2 -1.82E-3 O. OOE+O 3.87E-2 
-2.85E-1 7.24E-2 -3.11E-3 O. OOE+O -9.46E-3 
-4.05E-1 8.34E-2 3.45E-3 O. OOE+O -1.40E-1 
-3.26E-1 7.20E-2 -1.16E-3 O. DOE+O 2.29E-2 
-2.37E-1 5.26E-2 -1.65E-3 O. OOE+O -2.30E-1 

A. 4.6.5.6. Overall concrete stresses and strains, 

(SA MSB 
.I 

MSB. 2 MSB 
.3) 

ox ay oz Tyz TZX Oil 022 v exx c yy ezz 

-1.44E-2 1.68E+O 2.67E-19 0. OOE+O 1.62E-1 1.55E-1 -1.70E-1 4. E+2 33.30 -4,79E-1 5.60E+l 8,90E-18 

-1.09E-1 5.48E-1 3.44E-1 4.16E-2 8.03E-2 3.58E-1 -1.23E-1 I. E+2 33.30 -3,64E+O 1.82E+l 1, ISE+l 

-2.25E-1 2.05E-1 4.03E-1 5.69E-2 4.74E-2 4.07E-1 -2.28E-1 4. E+l 33.30 -7.48E+O 6,83E+O 1,34E+l 

-9.80E-2 5.52E-2 4. lOE-1 4.38E-2 -9.62E-2 4.28E-1 -1.16E-1 -102 33.30 -3.26E+O 1.84E+O 1.37E+l 
-5.96E-1 8.57E-2 5.39E-1 4.34E-2 6.63E-2 5.43E-1 -6. OOE-1 3. E+l 33.30 -1,98E+l 2,85E+O 1,79E+l 
5.62E-2 -1.12E-1 7.52E-1 3.21E-2 -1.98E-1 8.05E-1 3.80E-3 -146 .1 

33.30 1,87E+O -3,74E+O 2, SOE+l 

A. 4.6.7. Calculation of the first crack load 

a, 1=0.805 N/nUn2 

ell (0.805/30,000)106 = 26.8 pe 

Pcr 10(100/26.8) = 37.3 kN 

-A. 17- 



APPENDIX B: MINIMUM DIMENSIONS OF PULL-OUT SPECIMENS 

ACCORDING TO BS 5080 PART 1-1974 AND ASTM 488.81 

B. S. 5080 

ý12 A 

0 

f200 

ASTM E 1.88 

0 

- Characteristic dimension of fixing: 

1 
max[d, - (embedment length)] 

4 

- Dimensions of specimens for: 

56 
d=8, r 1-7d=56, A-max[81-]-14. Omm 

4 

80 
d=8,1=10d=80, A-max[8, -]-20mm 

4 

70 
d-10,1-7d-70, A-max[10, -1-17. Smm 

4 

100 
d=12,1=8.3d=100, A-max[10, - ]-25mm 

4 

Half dimension of specimen: >= 12A - 12x25- 300 mm 
ID= 

lmax + 4A = 100 mm + 4(25) = 200 mm 

ASTM. E488.81 

600 a> 41 

600 

/ 
d=8, 1=7d=56 a=4(56) =224mm 

'0 d- 200 d=8, 1=10d-80 a=4(80) -320mm 
1200 d=10t 1=7d=70 a=4(70) -280mm 

Bý2 d=12t 1=(8.3)d=100-> a=4(100)=400mm 

Do= 42 3 rim 

Where-DO: half of the diagonal of a square of 

600mm side (diagonal length: 846mm) 

-B. 1- 



I 
APPENDIX C: FINITE ELEMENT ELASTIC PARAMETRIC ANALYSIS 

C. 1. Data 

dmax = 12.0 mm 

dý, ,'=9.8 mm 

da 
v' er. - 10.9 mm 

As max = 113.0 MM2 

As 
min = 75.39 Mm2 

As 'a ver. = 93.26 =2 

The drill was bored with 5 mm bit, however, due to the 

lick of fixing during boring it is assumed that the bore had 

a 6mm diameter 

As n e't to M'93.26 - it(6)2 /4 - 65.0 nun2 

An axial hole'was provided to the steel simulation in order 

to match the*real cross section above. 

For a thread like the one used, according to DIN 202: 

Y-600, Fig 1.7. 

Hence, 

pi o pv , tan300 = 0.577 P,, 

the combined concrete resin shrinkage and steel lateral 

contraction effect was taken into account by means of the 

proposal of Laldji and'Young /56/. 

ai = (Es .e- vs crs + 2mao") /K,, Eq. (5.5 7) 

where: 

Es/E 9= 210000/30000 =7 

(1-v, )+m(l+v, )= (1-0.29)+7(1+0.20) = 9.11 

vg , Eg : Poisson Is ratio and modulus of elasticity of 

resin 



vs, Es: Po3. sson's ratio and modulus of elasticity of 

steel 

ao: The lateral pressure possibly applied at the 

other surface of concrete specimen. 

as: The steel tensile stress, which for the Laldji, 

and Young set up was a local tensile stress (at 

the bonding section of the steel to grout). 

Therefore, here, in order to simulate specimen 

3.01 the mean value of steel stress along the 

100 mn anchor length is taken: 

Cl S, =(1/2) (10000/Asnet to )=(1/2) ( 10000/65)= 76.9 N/MM2 

e: The concrete shrinkage rate which for the mix 

used f or specimen 3.01 under the real curing 

and storage conditions can be calculated as 

follows (Technische Hochschule Muenchen - 

Lehrstuhl fuer Massivbau. Einfluss von Kriechen 

und Schwiden des Betons auf die Schnittgroessen 

und Spannungen. Muenchen 1966): 

6=c so 
C2 CS C4 

,t 

dw -[(600x600)/(4x600) = 150 mm , C5-0.90 

w/c= 0.48, C=385 kg/M2 -> C 2=1" 

eso- 34.10-5 

t= 28 days -> tV(lOldb) - 22.86, C4 
.t 

-0.31 

therefore, 

F- = (34.10-5)(0.90)(1.1)(0.31) = 11.10-5 

and 

a, - (2. lxlOs x 11.10-5-0.29x76.9)/9-11- 0-10 

I-c. 2- 



The proposal of Laldji and Young could be applied 

omiting the, resin shrinkage because its effect is 

negligible, as it is shown below: 

r>r =6 - 10- 4 tr =2mm AF-r =l (6.10- 4)6.10-4 MM 

F- c =l 1- 10- 5 tc =600mm AF-c -300 ( 11.10- 5 3300.10-5 MM 

330.10-4 MM 

Thus, 

Pi= 0.577 Pv + 0.10 = 0.577 T+0.10 

where: 

x: the mean value of the shear stress across 

the concrete-resin interface. 
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C. 2., Correction of the values of the resin strain er derived 

from the idealized geometry in order to take into 

account the slip elements. 

Stiffness of the slip elements at the bottom. Eq. (6.8) 

E2A2=btl/2at=(AbOtt )1/2at .o so o*9999o9o so&** o (Col) 

or 
(E2 A2 ) /1--=Ab 

0tt 
/2at .......................... (C. 2) 

For 

at , =2a: (E2 *I A2 *1) /1=Ab 
0tt 

/4a, '-r I =134pe, model I 

at2=a : (E2 *2A2 *2 )/l-AbOtt /2a, F-r2 -246pe, model I. 1 

which implies that 

( ef 1 /r-r 2)- (E2 
., 

A2 
., 

)/ (E2 
.2 

A2 
.2)'**............ 

(C. 3) 

and becaUBe for constant at, according to Eq. (C. 2): 

(E2.1A2.1 )/(E2.2A2.2 )«"3(Abot 1 
/Ab 

ot2 ..... (C. 4) 

(er 1 /Er 
2 )m(Abottoml /Abottom2 )'*''0*@*u (C-5) 

Calculations of correction coefficients are in page C. 12. 
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C. 3. Calculation of the first crack load 

Section Y-18 mm; x-O 

s yy +S zz 
- 

s yy- szz 
2 2 s yz s yy szz A- l(A +s 

yz) sil S22 
z (NATIP ) (NAW ) (N/nTr? z z 

5 - 1.56 - 0.45 0.07 0.19 - 0.26 1.58 1.39 -1.77 
15 - 1.87 - 0.12 0.22 + 0.05 - 0.77 1.88 1.93 -1.83 
25 - 1.87 - 0.24 0.27 + 0.01 - 0.26 1.89 1.90 -1.88 
35 - 1.84 - 0.31 0.26 + 0.02 - 0.28 1.86 1.88 -1.88 
45 - 1.82 - 0.34 0.26 + 0.04 - 0.30 1.84 1.88 -1.80 
55 - 1.77 - 0.36 0.27 + 0.04 - 0.31 1.80 1.84 -1.76 
65 - 1.80 - 0.37 0.31 + 0.03 - 0.34 1.83 1.86 -1.80 
75 - 1.70 - 0.39 0.38 0 - 0.39 1.74 1.74 -1.74 
85 - 1.79 - 0.36 0.54 + 0.09 - 0.45 1.85 1.94 -1.86 
95 - 1.34 - 0.12 0.66 + 0.27 - 0.47 1.42 1.69 - 1.25 

Max. principal tensile stress : s1l - 1.94 N/nvTP 

ell - (1.94/30.000)106 - 64.6 We 

First crack load: Pcr - 10(100164.6) - 15.5 kN 
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APPENDIX D: CHARACTERISTICS OF THE MATERIALS USED 

D. l. Superplasticizers 

CONPLAST 211 

Water-reducing concrete admixture 

Manufacturer: FOSROC Ltd 

DESCRIPTION 

CONPLAST 211 is based on selected stabilised, sugar-reduced 

lignosulphonates. 

PROPERTIES 

Calcium chloride content: Nil 

Specific gravity; 1.19 at 200 C. 

Air entrainment: Less than 1.5% additional air is entrained. 

Effect of CONPLAST 211 on workability and strength 

CONPLAST 211 Compressive 
Cement per 50 kg strength Density 

content cement W/C Slump 7 days 28 days 28 days 

Test kg/m3 litres mm N/mm2 kg/m3 

Control 297 None 0.62 50 25.0 37.0 2395 
Workability increased 297 0.14 0.62 100 26.0 38.0 2392 
Strength increased 297 0.14 0.55 so 33.5 45.5 2413 
Cement saved (30kg/m3) 267 0.14 0.62 50 25.0 37.5 2395 

CONPLAST 430 

Super plasticising, water reducing, strength accelerating 

admixture 

Manufacturer: FOSROC Ltd 

DESCRIPTION 

CONPLAST 430 is a synthetic plasticiser derived from 

sulphonated naphthalene. 

PROPERTIES 

Calcium chloride content: Nil 

-D. I- 



Specific. gravity: 1.20 at 200 C 

Air entrainment: Less than 1% additional air is entrained. 

Effect of CONPLAST 430 on workability' OP cement 350kg/m3 
Zone 3 sand 650kg/m3 
20-5mm gravel 1175kg/m3 

CONPLAST 430 Slump Flow table Compressive strength N/mm2 

dosage level Total BS 1881 spread 1 Day 7 days 28 Days Density 
litres/50kgs W/c mm DIN 1048 1 kg/m3 

of Cement ratio cms 

Nil (control) 0.60 70 

_ 

- 17.0 39.0 50.0 2415 
0.25 0.60 120 45 cms 16.5 37.5 46.5 2405 
0.40 0.60 190 51 cms 15.5 38.5 47.5 2410 
0.50 0.60 collapse 57 cms 14.0 36.5 48.0 2415 

Effect'of'CONPLAST 430 on compressive OP cement 330kg/m3 

strength Zone 3 sand 540kg/m3 
20-5mm gravel 1.280kg/m3 

CONPLAST 430 Compressive strength N/mm2 
dosage level Total Water Air N of-control) Density 
litres/50kgs w/c Slump reduction content kg/m3 
of Cement ratio mm %%I Day 7 days 28 Days 

Nil (control) 0.59 45 2.4 20 43 50 2415 
0.70 0.49 45 17 2.9 28 53 60 2440 

(140) (123) (120) 
0.85 0.46 45 23 3.1 33 58 64 2450 

(165) (135) (128) 
1.00 0.44 45 26 3.2 3S 64 70 2470 

(175) (149) (140) 

f 
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D. 2. EPOXY. RESINS 

CONCRESIVE 1380- 

Formulator: Adhesive Engineering Co. 

- CONCRESIVE 1380 is a two - component, solventless, low - 

viscosity liquid adhesive for pressure injection grouting of 

cracked concrete. 

DESCRIPTION 

Form : Two-component, 1OW-ViSCOBity liquid. 

Epoxide equivalent: Part A 148 -164 

Part B 490 - 540 

Mix Ratio 2 parts "A" to 1 part "B" by volume 

Viscosity at 250C (cPs): Part A 640. Part B- 190. 

mixed 352 

Typical Density [g/1] Part A 1167, Part B- 991, 

Mixed 1114. 

TYPICAL PROPERITES OF CURED MATERIAL AT 251 C 

Tensile Strength 63.6 N/mm, 2 

Elongation at Break 2.5 

Flexural Strength 83.4 N/mm2 

Compressive Yield Strength 115. 6 N/MM2 

Flexural Modulus 4578 N/nun2 

Compressive Modulus (ASTM D) 1586 N/mm2 

Heat Deflection Temperature 570C . 

DURAL LV - DURAL GEL 

Formulator: DURAL INTERNATIONAL CO. 

DURAL IV is a low viscosity pressure grout and adhesive for 
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pressure injection into very fine cracks. 

PURAL GEL is a non-sag, high modulus adhesive and mortar 

binder for vertical and overhead repairs of structural 

concrete. 

PROPERTIES at 75 OF DURAL LV DURAL GEL DURALCRYL 

MIXING RATIO (Pt. A: Pt. B) 2: 1 2: 1 
MIXED VISCOSITY, cps 150-250 Gel 
POT LIFE, mins 30 45-65 12 
TACK FREE (thin film), hrs 5 5 
INITIAL CURE. hrs 6 6 0.6 
TENSILE STRENGTH, MPa 28.0 28.0 13.0 
TENSILE ELONGATION, % 1-5 1-5 
TENSILE MODULUS, MPa 2340 1750 7000 
COMPRESSIVE STRENGTH, MPa 56.0 56.0 87.5 
COMPRESSIVE MODULUS, MPa 2340 1750 

D. 3. PMMA Grout 

DURALCRYL 

Low shrinkage Polymer Comcrete based on methacrylate 

reactive resin for concrete repairs. 

Formulator: DURAL INTERN. Co 

DURALCRYL is a non-tackyr solvent-free, 2-component 

methacrylate based mortar with high compressive and flexural 

strength. It has a very low linear shrinkage, see above 

table. 

D. 4. Non shrink cementitious grout 

CONBEXTRA HF 

Non-shrink cementitious grout 

Manufacturer: FOSROC Ltd 

DESCRIPTION 

CONBEXTRA HF is suplied as a ready to use dry powder 

requiring only the adition of water to produce a 

non-shrik grout. 

The material is a blend of' Portland cements, pre-graded 
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fillers and aditives which impart controlled expansion in 

both the plastic and hardened states. 

TYPICAL PROPERTIES Flexural strength: Tested in accordance with BS 
for flowable consistency at 200C. 

Ccxnpressive strength: 
Tested in accordance with BS IB81: 
Part 116 and curing cubes under restraint. 

Variation with consistency at 200C 

Age 
(days) Flexural strength N/mm2 

1 2.5 
7 8 
14 9.5 
28 10 

Age Compressive strength N/mm2 180 11 
(days) Trowellable Plastic Flowable Fluid 

1 30 24 20 14 Variation with temperature at flowable consisten 
7 60 so 44 34 
14 70 60 56, 46 Age Compressive strength N/mm2 
28 76 66 64 58 (days) Soc 200C 350C 
180 90 84 82 70 

1 4 20 30 
7 30 44 46 
14 so 56 56 
28 64 64 60 
180 84 82 70 

Pressure to restrain plastic expansion: Approximately 0.004 

N/mm2 

Coefficient of thermal expansion: 11 X 10-6 per OC 

Thermal conductivity: 1.5/m9C 

Young's modulus: 29kN/mm2 

Ultimate anchorage bond stress: Exceeds CP 100, Partl, 1972, 

Table 22 requirements for 40N/mm2 concrete at'24 hours. 

Fresh wet density: The fresh wet density will vary between 

-, 2100 kg/m3 and '2300 kg/M3 dependent on consistency. 

gxpansioný characteristics: An expansion of 1-4% when 

measured to ASTM C827 overcomes plastic settlement in the 

unset material. Longer term expansion in the hardened state 

is designed to comply with the requirements of CRD 621-82A 

. to compensate for drying shrinkage. 
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APPENDIX E: CALIBRATION OF TESTING EQUIPMENT 

E. 1. Pressure Tranducer (incorporated in the Testing 

machine TONIPACT 3000) 

The'Calibration was made by means of proving ring. The 

results are shown below. The readings of the load cell 

were taken by the data acquisition and recording system 

described in section 7.8.7. 

Table E. 1 Calibration test of load ce ll 
T. L. Readings Differences Differenc. Local Main 
True load of system of load cell in true factor factor 
(prooving with load readings loads (TLi-TLi-l)/ (TLi-TLi-l)/ 

ring) cell (Lci)- (TLi)- (LCi-LCi-1) (LCi-LCo) 
(KN) (LCi-1) (TLi-1) - - 

0.00 4090 
3.18 4111 21 3.18 0.151 0.151 

. 5-20 4125 14 2.02 0.144 0.149 
7.20 4139 14 2.00 0.143 0.147 

10.20 4159 20 3.00 0.150 0.147 
12-20 4172 13 2.00 0.153 0.148 
14.13 4185 13 1.93 0.149 0.148 
16.10 4199 14 1.97 0.141 0.148 
18.22 4213 14 2.12 0.151 0.148 
20.07 4225 12 1.85 0.154 0.148 

From above table can be seen that there is a difference 

in the value of calibration test between the level of 0- 

approximately 7.00 kN and the higher levels of load. This 

might be related to the greater errors, which the machine 

exhibits at load levels up to approximately 5.00 kN as is 

given by the manufacturer. (This error in the levels 0-5-00 

kN is up to 2%). 
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E. 2. Strain gauges 

All the gauges used had the same resistance, 120 1 0.3 

Ohms and gauge factors varying from 2.02-2.10. The response 

of every channel of the system was taken before and after 

adding the shunt resistance to the strain gauge, This 

response then was related to the equivalent strain of the 

gauge: 

1 Rgauge 

R 
g8uge+Rad. 

where F=gauge factor = 2.06 

which for R=1201 Rad = 98700, F=2.06 gives 

e=(589.4). 10-6 

Table E. 2. Calibration of analogue to digital converter and 
amplifier 

Channel 
Before adding 
the shunt 
resistance 

(a) 

After adding 
the shunt 
resistance 

(b) 

Diff. 
(a)-(b) 

Str. gauge 
calibration 
coefficient 

01 4413 3456 957 0.61540-6 
4938 3987 951 0.619 " 

02 4155 3165 990 0.595 " 
03 4100 3107 993 0.594 " 
04 4373 3387 986 0.598 " 
05- 4150 3190 960 , 0.613 " 
06 4750 3760 990 0.595 " 

4428 3436 992 0.594 " 
07 5877 4907 970 0.607 " 
08 4005 3020 985 0.598 " 
09 4020 3070 950 0.620 " 
10 5156 4172 984 0.599 " 
11 4519 3532 987, 0.597 " 

3986 3011 940 0.626 " 
12 4236 32S6 947 0.622 " 

4438 3448 990 0.595 " 
13 4100 3117 983 0.600 " 
14 (Load cell) 
is 4925 3905 1020 0.577 " 
16 4820 3840 980 0.601 " 
17 4805 3823 982 0.600 " 
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E. 3. The slip measurement device 

The displacement transducer was calibrated by using a 

dial gauge. The calibration measurements are shown in the 

Table E. 3 below: - 

Table E. 3. Calibration of the displacement transducer 

Readings Real displacement Differences Calibration 

DT of the (Taken from dial. of Displ. Trans. coefficient 

system with gauge). indications 

Displ. Trans. [(TDi)-(TDI-1)] 

4678 
4512 0.250 166 

4334 0.250 178 

4146 0.250 188 2.50 

3960 0.250 186 f- --0.00150 
3770 0.250 190 1658 

3585 0.250 185 

3390 0.250 195 . 1.5(lo-3) 

3225 0.250 165 m/digit 
3030 0.250 195 

2840 0.250 190 

2.50 . 1658 

E. 4. The load cell for resin tensile tests 

The load cell for the resin tensile tests was calibrated 

by means of a proving ring with known characteristic curve 

P=P(f). The calculated calibration factor was 1 digit 

(8.16)10-3 M. 
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APPENDIX F: CALCULATION OF DISPLACEMENT OF THE CENTRE OF 

THE CONCRETE SPECIMENS UNDER CONCENTRATED 

LOAD. 

LA 

5 

oft 

ncentraded Load P : 10 

x 

support 

7 lo*O kN( f25-0.2676x10-5 m 

= 0.2676x10-2 mm = 0.003 mm 
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'APPENDIX G: AUGMENTATION FACTOR OF LATERAL SURFACE ' OF A 

THREADED BAR IN RELATION TO THAT' OF PLAIN 

CYLINDER 

Lateral Surface 

AB, BC, CDIDFE 

AABBlAl = 7c((12+10.05)/2)2N/(1.502+((12-10.05)/2)2- 

= (3.14)(11.025)(N((2.25+0.950))= 61.92 mm2 

Lateral surface with 12.0 mm diameter: 

fcy, = (3.14)(12.0)(1.50) = 56.5 mm2 

61.92 
1.096 

56.5 

12 

75 10.05 997LS 

Al A 
ýl so 

1 50 cl 
D 

El 
FF 

Fig. GI 
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APPENDIX H: CALCULATIONS FOR NORMALIZATION WITH RESPECT TO 

CONCRETE STRENGTH OF DIFFERENT TEST RESULTS. 

H. 1 : Effect of embedment length 

3.01: 1= 8.3d 
fCC=19.56 MPa 
610 =2 7 lim 
62 0 -599 ILM 

30, o940 gm 6, 
61 ON/fc c =1180 
62 OVf =2647 
63 oi(f 

cc cc 
=4154 

3.03 1= 5d. 1 
fCC-21.29 
610,148 Itm 
62 0 =687 ILm 
630 
61 0 N/f cc 1=683 
%ON/fc 

c =3170 
683 ( loini )N(fcc 

(610 1n1 )Vfc c =1180 

(62 01n1 )N(fc c =2647 

Pu lVf 
u =7.54 

3.02 /1=7. Od 
fccý20.38 MPa 
61 0 =397 ým 
520=668 pm 

bloVf =1792 
6, oVfc 

c 
=3015 c 610=17k 

20.38-19.80 

90.65 
))=09910 

3015 
(82 01n1 )-%(fc c- =3042 

0991 

Pu Nfu =28.90/V20.38=6.40 

21.29-19.56 
X20 =(J- )=0.981 

90.65 

3170 
(62 01n1 )Nffc c 

3230 
0.981 

Pu =20.10 
Pu /, If u =20.10/ (, V2 1.29) =4.36 

3.13 /1=(7.5)d 
fCC-37.9 MPa 

10 =268 ILm 
620=265 )im 
63 0 334 pm 
510 

ýf 

cc -1650 

610 =1650 

37.9-19.56 
X2 0,01- ( 

90.65 
)=0.796 

(620 in I )Nffcc=1631/0796=2048 

H. 2. Effect of the diameter of anchor 

Test 3.01 (d=12) Test 3.06 (d=10) 
61 0)(fcc =1180 610 N/f =299N/23.11=1437 
62 OVfc c =2647 62 OIfc 

c 
-480, /23.11-2307 

cc 
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Test 3.01 (d=12) 

63 O'tffc c =4 . 154 

Pu/Nffc c ý33.3/)(19.56=7.54 

(61 01n1 )*c c =1180 

(62 01nI ))(fc c =2647 

Test 3.07 (d=8) 
öloVf =920N(29.48=4995 
8, �ffc 

c 
=1620V29.41=8795 cc ), 

1 O=, 
29.48-19.56 

x2 0 Z-"' -( )=08906 
90.65 

(62 01n1 )Vfc c =8795/08906=9875 

Test 3.06 (d-10) 
27.7 

PU/Vfcc- = 5.76 
N/23.11 

X1 0 -1 
23.11-19.56 

)*2 0 ý'- () =1 . 04 
90.05 

(62 01nI )Vfc c =2307/1 . 04-2401 

Test 2.07 (d=16) 
61 ON/fC C =8. OV31.0=445 
620NIf 240V31.0=1336 
63 OVf 

cc Cc 
-490V31.0-2728 
0, 

xi 0 =1 

'31.0-19.56 
X20 =1-( 

90.65 
)=08737 

?ý 31.0-19.56 
X20 =1-( )=08366 

70 

(62 01n1 )I/fc c =1336/08737=1529 
(63 01n1 )V: EC C -2728/08366-3260 
correct on due to shorter 
embedment length. 

)., 0 j=O. 65 
X2 0: , =O . 76 

(620 in II )Nffcc=(1529) (076)-1162 

(630 in II )Nffcc=(3260) (076)=2478 

Pu 53.0 1 
-=l 1.16 

)(f cc 
V31.0 0859 

(610 in 11 )Vfcc=445(0.65)=289 

H*3. Effect'of the thickness of the resin 

Test 3.01 (t-2 mm) 
Pu/N(f CC =7.54 
61 ON/fcc =1180 
620qf =2647 
63 O'Vf 

cc Cc 
ý4154 

(61 01n1 )*c c 11180 

(62 0 in I ), /fc 
c 1--2647 

Test 3.08 (t-4 mm) 
Pu/VfC C =53.4/)(28.76=9.96 
610 fcc=144,128.76=771 
620 fcc=260)(28.76=1392 
630ýfcc-518N/28.76=2773 
f)40)(fcc=124OV28.76=6638 
x1o 1 =1 
)620: 1-1-(28.76-19.56)/90.65= 

=08985 
)'30,1=1-(28.76-19.56)/70= 

=0869 
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Test 3.08 (t-4 mm) 
FJ2 0,1 n, -1392/08985-1549 
630. Inl=2773/0869=3191 640 -6638/0869-7638 
pro; r. 

ttäeld 14 01n1 »13 01n1 

Test 3.33 9t=B mm) 
PuNf. , -46.7/, 127.61=8.89 
öloVfcc-41V27.61=215 
62oVfcc-43V27.61-226 
5 ýifcc, 488i(27.61=2564 30V 
540 fcc 113-/27.61-5937 
xioli =l 

)'20.1=1-(27.61-19.56)/90.65 
=0911 

X30.1 =1-(27.61-19.56)/70= 
=0885 

(62 01n1 )Vfc c ý226/0911=248 
(63 01n1 )N/fc c w2564/0885=2897 
(64 01n1) i(fc c =5937/0885=6708 

Test 3.26 
Pu/N/f =18.0/, 120.02=4.02 
6, oVfcc=385)(20.02=1723 cc 

Test 3.34 (t-10 mm) 
Pu/N/fCC -48.2/Nf26.55-9.35 
61 oVfcc -542N(26.55=2792 
62 OVfC C =870,126.55=4482 
63 oVfc c -1040N(26.55-5358 
640Vfcc-122OV26.55-6286 
). 10 .I =1 

A20,1=1-(26.55-19.56)/ /90.65=0922 

), 30.1: 1-(26.55-19.56)/70- 
0990 

(62 01nI), 
Ifc 

c =4482/0922-4856 
(63 01nI )N/fc 

c =5358/0900-5953 
(r34 01n1), 

If 
cc =6286/0900-6984 

Test 3.27 
Pu/Vf -36.2h(20.61-7.97 
bloý(fcc-205V20.61-931 
62 0, %(fc c -447V20.61-2029 
63 0 Vfcc -744--720.61-3378 
X20.1: 1-(20.61-19.56)/90.65- 

0988 
X30.1: 1-(20.61-19.76)/70.0- 

0985 
(6201ni)Vf -2029/0988-2054 
(5 301n1 i(fcc-3378/0955-3429 

j 
cc 

HA. Effect of the type of anchor 

Test 3.01 (0) 
Pu Aff 

CC -7.5 4 
610 vfc 

c -1180 
620vf =2647 
83 .. c c 

-41,4 cc 

Threaded bar Test 3.05-Ribbed bar 
PuAff CC -3 8.1 IV2 3.2=7.91 
610 lec 145NI23.2=698 
620'1ýfcc: 193,123.2=927 
6301(fcc-772N/23.1-3718 
If the correction factors 
for concrete strength can 
also be applied to ribbed 
bars: 
X20.1: 1-(23.2-19.50)/90.65= 

09598 
Xý0; 1,1-(23.2-19.50)/70-09480 

2 inl)Vf =927/09598=957 
6 ffcc=3718/0948=3922 

30ini) cc 

(510 1n1 )N/fc c =1180 

(62 01n1 )Vfc c -2647 

Test 3.04 Plain bar 
Pu/N/fC C =225/, 126.39=4.38 
61OVf 202,126.39=1038 
62 Ovf 

cc 
-359V26.39=1844 cc 

Test 3.24 Ribbed bar 
Pu/N/fc c =40.7, V24 . 89=8.15 

-H. 3- 



Test 3.04 Plain bar 
Under the above assumption 
on the correction factor due to 
concrete strength: 
X20,1 =1-(26.39-19.56)/90.65= 

=09247 
(62 01n1 )N(fc C =1994 

H. S. Effect of the type of resin 

Test 3.01 - C1380-(I+C+R) 
Pu/N/fC 

C -7.54 
(610 1n1), Ifc 

c -1180 
(62 01n1 )N(fc c =2647 
(63 01n1 )N/fc c -4154 

Test 3.09 -LV-(I+C+R) 
Pu/N(f -34.9lV31-67-6.20 
(610 )ýJfc , -165, /31.67-926 
(620, lfcc )=418N/31.67=2352 
6 O; Ifcc-558)(31.67-3140 

3 ), 20,1: 1-(31.67-19.56)/90.65- 
0.866 

X30,1: 1-(31.67-19.57)/70- 
0.8270 

(620ini ), /fccm2352/0.866-2716 
(63 0 In I ), Ifc 

c 
3140/0827-3799 

Test 3.23-LV-Splitting 
PulVf =45.0/, 118.97=10.33 
(61 0 )Vfc c =312,118.97-1358 
(620 )Vfcc=589,118.97=2565 
163 0 )-/fc c =1060V18.97=4616 

Test 3.29 -LV-(I+C+R) 
Pu/N/fC C =45.3/N/24 . 25=9.12 
(61 0 2.1) f -202N/24.25=994 
(62 0 

)Vic 
c =455, /24.25=2428 

(83 0 Wf =682, /24.25=3358 
X90 , Oc, ý48,, % 933 
( 2; ini) 

fc 
c =1042FO00948=2602 

(63 0,2, I )N/fc c =3358/0933=3599 

Test 3.10-GEL-I 
Pu/, /f =30.2/, 125.30=6.00 
(610 )Vfc c -361, /25.30-1816 
( C)2 0) Vf -921N(25.30=4632 
(63 )Vfcc-2350, /25.30-11820 o cc 
'120.1 1 (25.30-19.56)/90.65- : 

09367 
-1-(25.30-19.56)/70-0918 

(ý 01 

(C2 
ýin1 )Nffc c =4632/09367-5085 

30inl) fcc-11820/0918- 
-12876 

Test (2.06) LV/1=12d-(I+C+R) 
PU /, /f C C=41.3/, 

126.0=8.10 
(610.2.1 )N/f -100-V26.0-510 
62 0 

; /c 
c -390ý56.0=1989 

63 0 %/fc c =1040, /26.0=5303 
Because 1-12d>8.3d 
A, -1.00 Sect. 7.12.4 

(26.0-19.56) 
X20, lml- 90.65 

- 093 

X0 1=1-(26.0-19.560/70=0909 N; 
in1 )Ntfc c -1989/0.93-2139 

(83 01n1 )Vfc c : 
5303/0.909- 
5839 

H. 6. Effect of the size of specimen 

Test 3.01 Test 3.26-(300)(300) Spec 
Pu/, /fc 

Cm 7.54 Pu/N(f -18.0/, /20-02-4.02 

8f -1180 6,0, /fcc-385N(20.02-1723 
6 

10 
f cc 

-2647 
cc 

20 CC 630 fc 
c m4154 
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Test 3.27 -(300)(300)opec. -t-4 
t-4 

Pu/Vfc c -36.2/N(20.61-7.97 
61 oVfc c -20SN(20.61=931 
62 CNffc c -497N(20.61-2029 
63 ONffc c =744N(20.61-3378 
)'20.1-1-(20.61-19.56)/90.65= 

-09884 
)'30.1-1-(20.61-19.56)/70- 

-0.985 
(82 01n1 )N(fc c : 2029/09884- 

2053 
(53 01n1 )Nffc c -3429 

Test 3.08 Spec. with 
normalized values (see 
above) 
Pu/N(f CC -9.9 6 
5 ON(fcc=771 (ý 01 )Vf -1549 
(rz nI 

301n1), 
ffc c 

. 3191 
cc 

=7638 401ni 
Wfcc 

H. 7. Influence of the reinforcement 

Test 3.01 

Pu/Vf cc -7.54 
(Sloini qfcc-1180 
(62 01n1 )Nffc c -2647 
(630inl )Vfcc-4154 

Test 3.20 jix-py-1%jpz-0.7%/ 
/splitting 
PuAff CC -4 2.09/V26.7-8.15 
610 fec-533N(26.7-2754 
62 0f -1140N/26.7-5891 
83 Vf cc 

-1620V26 . 7-8370 cc 1-(26.7-19.56)/90.65- 20,2,1: 
09212 

)'30.2.1-1-(26.7-19.56)/70= 
-0898 

(82 01nI )Nffc c : 5891/09212- 
6395 

(53 01nI )-Vfc 
c -5370/0898-9321 

Test 3.21/ pxý=p, 21 
Pu/, VfCC=32.6/-V29'. 93-7.13 
610)(fcc-169)(20.93-773 
620'lfccý292N(20.93-1006 
630*ccwSUN/20.93-2635 
X20.2.1: 1-(20.93-19.56)90.65- 

0985 
X30.1-0-980 

(62 01nI )Vfc 
c -1006/0.985-1021 

(5301nl)Vfcc-2635/0.98-2689 

test 3.23 -Splitting-LV 
Pu/Nffc c -10.33 
61 ON/fcc -1358 
62 CVfc c -2565 
53 ONffc c -4616 

Test 3.12 - splitting 
Pu/Vfcc-39.7/V21.93-8.48 
bjoýfcc 861V4.93-4032 
620'1ýfcc=16.10V21.93-7540 

30Vfcc-215OV21.93-10068 6- 
)'20.2,1-1-(21.93-19.56)/ 

/90.65-0974 
130.1-1-(21.93-19.56)/ 

/90.65-0966 
(62 01n1 )Vfc c : 7540/0974- 

7741 
(63 01nIv fc 

c : 10068/0966- 
10462 
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H. 8. Effect of the method of drilling, the injection of 
resin and the Pu/Nffcc eccentricity of the anchor 

Test 3.01 t=2 

PuAff CC =7.54 
(810 in 1 ))(fc 

c =1180 
(62 0 in I ))(fcc =2647 

ffc 
c =4 154 (63 01n1 )N 

Test 3.11-Eccentrically 
placed anchor /t=4 
Pu/VfCC=34.5/V8.48=6.47 
610 fcc=139V28.48=742 
620 fcc=506N/28.48=2700 
630'Vfcc=531,128.48=2833 
), 0 1=0902IX30 =0873 N; 

in1 )Vfc c =276/0902=2993 
(63 01n1 )Nffc c =2833/0873=3245 

Test 3.15-Inject. /t=2 mm 
PukAC C -46.3/, 121.48=9.99 
810 fcc=14.9N/21.48=691 
620%Ifcc=398V21.48=1854 
630 fccw672-/21*. 48=3114 
X0 1=0979, X30 1-0973 (L2 ý1n1 )*c c =lä45/0979=1885 
(6301ni)Vfcc=3114/0973=3200 

test 3.08/t=4 mm 
Normalized values see above 
PuA(f 

CC =9.9 6 
6bo fcc=771 

=1549 ( 20ini )Nlfcc 
(63 01n1 )N/f 

cc -3191 
(640ini ) fcc-7638 

Test 3.25-Diam. Dril. /t=4 
Pu/N(fC C -47.3/NI22.25=10.03 
61 OVfc c =656N/22 . 25=3094 
62 0 

Vf 
cc =916N/22 . 25=432 1 

63 0 
Vfc 

c -1370,122 . 25=6462 
), 0.1-0970, X -0962 NOinl)VLc! 04ýý1/0970=4455 

(6 30inl )Vfc 
c=6462/0962=6177 (6 ). Vf C 

40inl cc=9892/0962= 
= 10283 

-H. 6- 



APPENDIX I: CORRECTION OF VALUES OBTAINED FROM TEST 4.01 

I. l. ANCHOR 4.01 (LONGER BONDED LENGTH) 

lfact. = 13 mm 

li =10 mm 

The relationship of 61 01n1 
Vf 

cc ir r32 01nI 
Vf 

cc1 
63 01n1*cc 

is nearly linear with inclination as in Fig 7.111. 

Therefore: 

(610 in I 
Vfc 

ch- 13 (610inlVfcc)l-(8.3)d 

61 0 in 1 N/fc c)1 -1 0 (610 in 1)(fc ch8.3) d/ 1.36.38)d 

1180 

-=0.65 
1800 

Thus the converted values of 4.01 are (Tac=P/(3.14)(16)(10)) 

P [KN] 6(tLm) r(N/mmz) 
1.5 34 2.99 
3.0 132 5.97 
4.5 336 8.95 
6.01 508 11.94 
7.5 671 14.93 
9.0 812 17.91 
10.2 1208 20.90 

I. 2., Anchor 4.03 (eccentrically placed) 

By taking Fig. 7.118 into consideration 

X= 
(68 nI N/fc c )eccentric 

(8a 
n1 N/f cc) symmetric 

Thus, 

Test 3.11 

, for any load level a. 

p Ta, c 

10 1.99 742/771-0.96 
20 3.98 2993/1549=1.93 
30 5.97 3245/3191-1.017 

average vlaues along the 
embedment length 

Test 4.03 

Ta 
,cx 

T=1.5 K=O. 96 
T=3.0 K=1.45 
-r=4.5 K-1.70 
-r=6.0 K=1.017 

** values calculated 
from the curve 
obtained from test 
3.11 below 

-I. I- 
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APPENDIX J: CALCULATED DESIGN EXAMPLE OF A PARTICULAR 

ADHESIVE ANCHOR 

Anchoring system 

fcc=30 N/MM2 (=4500 psi) 

flc= 3 N/MM2 

- resin C1380 (low viscosity, E=2200 N/MM2) 

- unreinforced concrete 

- percussive drilling 

- pouring of resin 

-d =14 mm 

- do = 18 rrun 

- mm 

- high hield reinforcing bar 

Calculation of the ultimate pull-out load 

a. According to ACI 355 

E- 120 mm, cone radius 

Pu Itw -ME2 (2/f 't '3) "0 

= it(1202)[(2/3)f' cl = (3.14)(144)(102)(2) 

90.432 p. = 41.00 kN 

Especially for bonding anchors, Section 11.1.2 

Pu It, 7c(do ) (1) (9) - it(18) (120) (9) = 61.04 N 

b- According to ACI 349 

Pu It A(40 (, If 'c )=- 

it(4.72)2(4)(0.65)(V4500) 

8,184 pounds = 37.16 kN 

C. According to P. C. I. 

Pult , irdl(8.0) - 11(18)(120)(8.0 NIMM 2)- 54.3 kN 

-j. I- 
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d. According to this thesis 

PU = (P 
uo) 

(112 ) (113 ) (114 ) ()15 ) (P6 ) ()19 ) (Pl 0 

(37.0)(1.0)(1.2)(1.0)(1.08)(1.0)(1.0)(1.0)=49.0 kN 

where: 

PUO : the fundamental value of the ultimate 

pull-out load for an anchor with 12 mm 

diameter 

lil-plo: coefficients to take the effect of the 

different parameters on the (PuAffcc) 

values, Section 11.5 

for a d=12 Pu/, Ifu=6.9 (mean value obtained from 

Fig 7.168) 

PuO=(6.9)(, /30)=37.8 kN 

Effect of the embedment length 

1/d= 120/14 = 8.6 

112 =I (pu AIf 
cc) I /d- 8.31 

/1 (pu /NIfc 
ch /d -8 .6 

1*0 

Effect of the anchor diameter 

P3=1.21 Fig 7.112 

Effect of resin thickness 

t/d= 2/14 = 0.1429 

P4 =I (pu /-/fc 
c 

)t /d a0.16 6 1/1 (pu IV'cc )t / d- 0.14 9 

= 1.01 Fig 7.113 

Effect of the type of anchor 

ps = Fig 7.114 

Effect of the type of resin 

p6 -- 1*0*9e*9oe*o99o*oo*ooeoo9eoo9o99oo9 Fig 7.115 

Effect of the method of insertion of resin 

99 M 1*0 Fig 7.118 

Effect of the drilling method 

p, 0ý1o0o9*0000*000000000o*o9o9*os*ooo Fig 7o 118 

-J. 2- 



bi =6 10 
1( 

)le 
1) (Xe 2) 

P*e 
3) ()e 4) (Xe 5) ()e 6)'( 

Xe 8) (Xe 9)( >'e 
10 )l 

Suppose the service load is 20 kN. Then, the displace- 

ment under P=20 kN must be calculated. 

62 0 "ýff cc= 2647 Fig 7.109 

X20 = (1-(30.0-19.56)/90.65) 0.8848 

(620,0 (2647) (0.8848) =234ý lim 

The corresponding coef f icients Xe I -)'e 10 in order to take 

the ef f ect of the same variables on 6j Vf 
cc values are: 

)'e2 1/d 8.6 -> X, = 0.94 

)'e3 d/d 14/12 = 1.17 -> X2 - 1.03 

)'e4 : t/d = 2/14 = 0.143 -> X4ý 1*05 

)'e 5: ribbed bar, )., -0.36 

X. 6 : low viscisity resint Er = 2200 N/mm2, X6 = "0 

)'e9 : resin poured, X, - 1.0 

Xelo: percussive drilling, X10 = 1.0 

Thus, 620"fcc - (2.3,4'2)(0.94)(1.03)(1.05)(0.36)(1-0)(1-0) 

(1.0)'= -SS7- jim 

or 
620 = (cBS7--/V30) - 156 gm = 0.16 mm 

k 

-J. 3- 


