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SYNOPSIS 

The research work descri6ed in this thesis is concerned wi th 

the transference of axia l load from reinforced concrete column to 

concrete base. The load is transferred to the base by column long-

itudina l re inforcement , core concrete , and cover concrete. 

The first stage is primarily concerned with the literature 

review, design, preparation, and testing of specimens , which are 

designed to show the effect of the fol lowing base s lab properties on 

the transference of the axial load where H- T square twisted stee l bars 

are used for base and column reinforcement : 

(I) The overa l I depth (h) and therefore the bond length of the col umn 

bars. 

(2) Amount of tensile steel reinforcement (As ) and hence (p) 

(3) The lateral dimensions (Ax B). 

The second stage is concerned with the results and calculations 

and shows how the above variations affected th~ transference of the 

axial load from the column steel to the base by anchorage bond and on 

the column strength as a whole. 

From these ca lculations it is found that the British code uses 

conservative ultimate anchorage bond stresses and a low a l lowable stress 

for steel in compression where the American code uses high or sometimes 

unsafe ultimate anchorage bond stresses and a very high a ll owable stress 

for steel in compression . It is found that part of the co l umn length 

is acting as an extra anchorage length for the co l umn longitudinal steel 

in addition to the embedment length in the base slab concrete. 

The third stage is concerned with the transference of axial load 

from column concrete to base and shows that this load is transferred 



I 
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from the core concrete at a higher stress than that from the cover 

concrete. A three part addition formula is suggested to calculate 

the ultimate axial load transferrable from a short reinforced column 

to a concrete base according to the above findlng. 

Finally the distribution of the anchorage bond stress along the 

anchorage length is predicted. This shows that a parabola plus a 

constant gives the best fit with the experimental results and that the 

results are best related to rather than f cu cu. 
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NCYrATION 

- Some of the symbols used in one place only defined where 

they occur and not included here. 

Length of base slab. 

Area of concrete. 

A:rea of tension reinforcement (for bases). 

A:rea of longitudinal reinforcement (for columns). 

Cross-sectional area of the two legs of a link. 

· Lateral dimensions of the column. 

Width of base slab. 

Base no (j) from series (i). 

Width of section. 

Column no (j) from series (i J. 

Average effective depth of tension reinforcewent 

lfor bases). 

E Secant Modulus for concrete. 
C 

E Initial tangent Modulus of elasticity for concrete. 
ce 

E
8 

Modulus of elasticity for steel. 

fbs (ACI) Anchorage bond stress (ACI 318-1971.) 

fbs(av.) Average anchorage bond stress at failure of column ~Test). 

rb&CP110) Anchorage bond stress ~CP110:Part 1:1972 Table 22) . 

f bs vnax) Maximum anchorage bond stress at failure of column ~•rest J. 

rb&theory) Average ultimate anchorage bond stress lTheoretical) . 

fc Maximum average stress in the column concrete at failure. 

f 1::0.8f or as stated where it occurs. 
C CU 

fcu Compressive strength of concrete measured from 150 mm. cube . 

r (av.) Ma.ximUill average stress in column longitudinal reinforcement. 
s 

Corresponding to ~s (av.). 



f (max) s 

:r y 

h 

K"" 

1 

R = 

e: s ~av.) 

Maximum maximum stress in column longitudinal rein-

forcement corresponding to e: tmax.J. s 
Tensile stress measured from 150 mm. x 30onnn. 

cylinder splitting test for concrete . 

Maximum compressive stress in the column core 

concrete at failure. 

Maximum compressive stress in the column cover 

concrete at failure. 

Yield stress of reinforcement ta.ken as 0 .2% proof 

stress or as specified in the equations . 

Overall depth of base slab. 

Es Stiffness of a reinforcing bar. 
E ce 

(xv) 

Anchorage length of the column longitudinal reinforce-

ment. 

Maximum a.xial load on column at failure tTest). 

Calculated ultimate axial load for column using eqn.(1). 

Calculated ultimate axial load for column using eqn.(8) . 

Calculated ultimate axi al load for column using eqn.(9) . 

Calculated ultimate axial load for column using eqn.(10) . 

tav.) /rbs (theory). 

Spacing of ba.rs c - c for base reinforcement. 

Test no (j) from series (i). 

Shear str ess. 

Ultimate shear stress in concrete . 

Water cement ratio. 

Partial safety factor for strength. 

Average longitudinal strain measured on column 

longitudinal reinforcement at failure. 



e (max.) s 

p 

Maximum longitudinal strain measured on column 

longitudinal reinforcement at failure . 

(xvi) 

Depth of slab factor (Table 14 CP110:Part 1: 1972). 

100 A 
- --s, % of tensile r einforcement in base slab 

Bd 

100 A 
or = sc, % of column longitudinal reinforcement. 

a1 a2 

PoissonJs ratio = Lateral strain 
Longitudinal strain 

Bar size. 
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CHAP!'ER 1. 

INTRODUCTION t REVIEW OF PREVIOUS WORK AND THEORY 

1.1. INTRODUCTION 

Slabs, beams, columns and bases are the most important struct-

ural parts of any structure. 

The behaviour of columns and bases has received a steadily • 

increasing interest during the past sixty or seventy years, but moat 

of the research done was concerning one of them in detail without the 

consideration or the effect of each part on the behaviour of the other. 

The subject of the present investigation is to find how the 

axial load of a reinforced concrete column is transferred to a concre-

te base slab and what effect variation of each property has on the 

other. 

1,2 LITERATURE REVThW 
A literature study of the subject under consideration revealed 

that a. number of experimental and theoretical studies have been 

carried out by several investigators but they are either concerned 

with reinforced concrete slabs and footings or reinforced concrete 

columns, and some of the work is indirectly related to the subject. 

1 • 2. 1 • WORK DONE ON REINFORCED CONCRETE FLAT SLA:BS AND BASES 

Most of the work done on this topic is concentrated on punching 

shear, flexural strength and bond stress between slab concrete and 

its tensile reinforcement which can be defined as the transfer of 

load per unit surface area of a. bar to the surrounding concrete. By 

punching shear is understood the failure of a flat slab or base slab 

around a column. or other concentrated load, when the tude of 

the failure load is leas than that corresponding to the available 



flexural strength which is based on the strength of the concrete 

section and the tensile reinforcement across it. 

2. 

Numerous attempts have been made to present theoretically 

acceptable formulae for the calculation of bond stress, punching res-

istance and flexural strength which are also in satisfactory agree-

ment with the experimental results. 

Some of the work done on these three subjects which has relevant 

relation with the aim of this project, is listed below:-

The first extensive work done on column footings was reported 

by Talbot (1913). Altogether (114) wall footings and t83) column 

footings were tested to failure. In all the column footings the load 

was applied through a (12" x 12" x 1211 ) concrete stub and they were 

supported on steel springs to simulate uniform upward pressure, 

twenty of the column footings failed by punching shear and the rest 

either by tension failure or bond failure between the slab reinforce-

ment and the concrete, and one failed by crushing of the concrete 

stub. 

Talbot's study of reinforced concrete footings has been of the 

utmost importance in the design practice of many countries through-

out the World. 

Bach and Graf (1915) reported a large number of slab tests which 

were designed mainly to study flexural strength. However, a few 

slabs failed in shear and Graf (1933) (1) reported a series of tests 

on slabs subjected to concentrated loads near the supports . 

Graf (1938)_ (2) reported another series of tests on eight very 

thick slabs of which six had shear reinforcement. 

Marshall (1944) reported his work on reinforced concrete column 

bases in which he studied the effect of the bed used on the strength 

of the base. The specimens were models from cement-sand mortar and 



3. 

three different beds were used, sand, rubber sheets and clay. 

The load applied at the centre through a 211 square steel block. The 

other part of the work is testing 2' square and 411 thick slabs using 

411 
• square sta.ncrJ.on and the object of his work is to determine the 

effect of the reinforcement in the base on its strength. 

Forsell and Halmberg (1946) reported shear tests of slabs and 

the shearing stresses were computed assuming a parabolic distribution 

across the depth of the slab, and the critical section was taken at a 

distance ( ! ) from the loaded area. 

Richart (1948) presented the results of a very extensive invest-

igation on reinforced concrete footings. In. his experiments he also 

used a concrete stub to act as a column, and steel springs to support 

the footings. (104) of the isolated footings failed in punching shear 

and the rest failed in the same way as those of Talbot (1913). The 

test results served as a basis for many of the empirical relation-

ships which were derived later for punching shear and f'lexu:re. 

Hognestad (1953) reported the results of' an extensive re-evalu-

ation of the shear failure of footings which were reported by Richard 

(1948). He suggested that the shearing stresses be computed at zero 

distance around the loaded area. 

Elstner and Hognestad (1956) reported the results of tests· on 

(36) slabs which were 6r square by six inches thick. Most of the 

slabs were supported along all four sides but a small number were 

supported on two sides only. The concrete strength, the amount of 

tension and compression reinforcement, shear reinforcement and the 

size of the column were varied. 

Whitney (1957) presented an ultimate strength theory of shear 

which he based on re-evaluation of previously reported test results 

by Richart {1948) and Elstner and Hognestad (1956). He calculated 
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the shearing strength at a critical section (~)from the perimeter 

of the loaded area. 

Base (1959) published details of small-scale tests on (18) re-

inforced concrete slabs supported on four sides. It was concluded 

that the amount of tensile reinforcement and the resulting degree of 

flexural cracking effect the punching failure significantly, further-

more, the addition of compression reinforcement to the slabs apparent-

ly had little effect on the failure load. 

Kinnunen and Nylander (1960) presented a valuable study of 

shear failure of slabs without shear reinforcement. That was the 

first real attempt to establish a theoretical method of analysis. The 

experimental work consisted of (61) circular slabs approximately 6• 

diameter and six inches thick. These specimens were supported around 

by the rods along the circum.ference and an upward vertical load was 

applied at the centrally placed circular column. The main variables 

in these tests were the type and amount of flexural reinforcement and 

the diameter of the column stub. 

Moe (1961) presented the results of thirty- one slabs tested 

under vertical loading and twelve slabs tested under combined loadiDg. 

All slabs were 61 square and six inches thick simply supported along 

the edges. The main variables were conc:rete strength, percentage of 

tensile reinforcement, column dimensions and shear reinforcement. By 

carrying out an extensive statistical study of most of the tests 

reported before (1961) Moe predicted the ultimate shearing strength of 

slabs with a good accuracy by an empherical formula. 

Medina (1961) reported the results of ·four tests on 61 squ.a:re 

slabs in which the main variable was the amount of shear reinforcement. 

Kinnunen (1963) represented an extension of the theory of Kinnunen and 

Nylander (1960) to apply to slabs with two-way reinforcement. In this 



instance, the dowel and tensile membrane effect were considered in 

estimating the increased load-carrying capacity of the slab. 

5. 

Hognestad, Elstner and Hanson (1964) and Ivy (1966) reported two 

papers in which the shear strength in light-weight concrete was stud-

ied. The. slabs were 6' square with six inchest total depth supported 

along four edges. Four specimens tested by Ivy t 1966) had different 

dimensions. The main variables were percentage of reinforcement and 

type of concrete. 

Hognestad, Elstner and Hanson (1964) related the shear strength 

of the slab to the splitting tensile strength of the concrete. The 

critical section is assumed to be located on the perimeter of the 

loaded area. 

Long and Bond (1967} (1),(2),(3) presented small scale square 

slab tests. A theoretical method of analysis was developed from 

elastic thin plate theory. The slabs were subjected to vertical and 

combined loads. They studied the concrete under bi-axial state of 

compressive stress and different failure modes were recognized. 

Ta.nkut (1969) reported test results of two full scale flat slab 

structures. They were 21' square and four inches thick supported on 

nine columns. The slabs tested under combined loading which was due 

to a system of vertical jacks representing uniformly distributed load 

and to a line of horizontal load acting along one of the edges. 

Sta.menkovie (1969) published results of three feet square slabs 

tested under different types of load combinations. The interaction 

between vertical load and moment was studied by combined load tests 

and interaction relations are proposed for internal, edge and corner 

column. 

Anis (1970) presented his work on shear strength of reinforced 

concrete flat slab without shear reinforcement. The theoretical 
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solution he preposed includes solutions for edge, and corner column. 

The experimental part concentrated on these two cases since a lot of 

experiments were done for internal columns and axial loading. 

Stamel'.lkovi6 and Chapman (1972) reported their work on fifty-

two three .feet square by three inches thick slabs, with 511 x 5" and 

3" x 611 column stubs above and below the slab. Ten of the tests were 

axialy loaded and the column stubs were reinforced. 

Ir. M. Dragosvi~ and Ir. A. Vander .Beukel lIB:BC-TNOJ (1974) 

reported their work on punching shear in which they calculated the 

circumference for the critical section for punching shear at (:) 

from the column. They showed that the punching resistance of a slab 

is independent of the percentage of its tensile reinforcement. They 

proposed an emperical solution for calculating the punching shear 

resistance for axialy loaded slabs which shows a very good agreement 

with Talbot (1913) and Richart (1948) experimental results on column 

footings which failed by punching shear. The solution is very simple 

to use and the formula is used to calculate the depth required to 

resist punching, shear failure for this project, see equation t2J. 

Regan (1974) reported his work on design for punching shear in 

which he assumed that the perimeter critical for shear cracking is 

located at a distance (d) from the f aces of the column then he computed 

the shear stresses obtained using his formula and the experimental 

results from Kinnunen and Nylander (1960) and compared them with 

CP110: Part 1: 1972 for axial loading and showed that the comparison 

is reasonable. 

1.2.2. WORK DONE ON RETh'FORCED CONCRETE COLUMNS 

1,1aey researchers have done a lot of work on reinforced concrete 

columns to study the effect on their strength by varying their mater-



ials and geometrical properties. 

Some of the work which is relative to this research program 

follows:-

7. 

Pfister and Mattock (1963) reported their work on lapped splices 

in concentrically loaded columns with high st~ngth reinforcing bars. 

They calculate the ultimate strength by using an addition formula 

which is 

ultimate strength • 0.85f~ Ac+ £
7

Asc 

where f 7 is the yield stress corresponding to a strain of o.6% and£~ 

is the 6" x. 12" cylinder strength of the concrete. 

They found generally that steel stresses calculated using the 

above formula are higher than those obtained by direct strain measure-

ment. 

They also indicated that some ~f the total force transferred by 

a lapped splice is tra.ns£erred by end bearing between the bars and the 

concrete. 

Sargin, Ghosh and Hand.a ( 1971) published their experimental invest-

igation on the effect of lateral reinforcement upon the strength and 

deformation properties of concrete. The main variables were: 

concrete strength, size, spacing and grade of lateral reinforcement, 

strain gradient and thickness of cover. In the analysis .they treated 

the laterally reinforced specimens as composite members consisting of 

core and cover. 

Ghosh, Sargin and Hand.a (1971) reported their work on the effect-

iveness of cover in reinforced concrete compression member, they have 

tested fourteen specimens with no longitudinal reinforcement used in~ 

of them, and the primary variable was the thickness of the cover. 

Somerville (1971) presented his work on structural joints in 

precast concrete columns and beams . He used the addition formula to 
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calculate the theoretical ultimate axial load for columns which 'lfaS in 

the form:-

ultimate axial load = o.75r A + 0.67£ A. y SC CUC 

He found generally that steel stresses calculated using the above 

formula are higher than those obtained by using direct strain measure-

ments on the reinforcement. He also suggested that a proportion of the 

force in the longitudinal bars is transferred to the concrete by end 

bearing. 

Somerville and Taylor t1972J reported the results of their work 

on joggled splices in columns altogether five specimens were tested 

in axial compression. The theoretical failure load was calculated for 

each specimen from strain compatibility consideration. They also ind-

icate that some of the load in the bars was being transferred to the 

concrete by end bearing. 

1.2.3. WORK DONE ON S1IBJECTS WHICH ARE RELATED TO THIS PRO~T 

1 • 2. 3. 1 • V/ORK DONE ON BOND STRESS BEl'WEEN STEEL REINFORCEMENT AND CONCRmE 

All the work done on this topic was concentrated on finding a 

value for bond stresses using steel reinforcement in tension and no 

experimental effort was made to find them using compression steel re-

inforcement, apart from the work done on lapped splices in compression 

which is listed earlier, and this work does not give the actual bond 

stresses since some of the force in the bars is transferred to the 

concrete by end bearing and this prevents the bar from slipping. 

1 .2. 3. 2. WORK DONE ON BEARING CAPACITY OF CONCREI'E 

The first work reported on the bearing capacity of concrete and 

rock is by Meyerhof (1953). Then Shelson (1957) published his work on 

bearing capacity of concrete in which he found that bearing capacity 

increases as the ratio of the footingareato loading area increases 

until this ratio reaches (30) then the bearing pressure reaches a lim-

iting value. Au and Baird (1960) reported their work on the bearing 



capacity of concrete blocks. They have tested t60J specimens and 

they used two concrete mixes with different maximum ageregate 

size where the block area is 2-16 times the contact area. 

9. 

They confirn1 that the bearing pressure increases as the ratio 

of the block area to the loaded area increases. 

Ersoy and Hawkins (1960) in their discussion of the work done by 

Au and Baird(1960) suggested that the bearing capacity of the concrete 

will approach some limiting value as the ratio of the block area to the 

loaded area increases indefinitely. 

1.2.4. EXIS'rING DESIGN SPECIFICATIONS 

1.2.4.1. THE BRITISH CODE OF PRACTICE CP110: PART 1: 1972 

1) Design of columns:- For short colunms the ultimate axial lood 

is 

2) 

0.4 r Ac+ 0.67 f A (3.5.3 eqn (25)~ From (3.11.6.5) the CU y SC 

length of the lap in compression reinforcem~nt should be at least 

equal to the anchorage length derived from (3.11.6.2) required to 

develop the stress in the smaller of the two bars lapped and 

should not be less than 20 ¢ + 150 mm. 

Design of bases:-

following :-

For design of bases the code considered the 

a. Resistance to bending (3.10.4.1) 

b. Shear (3.10.4.2) 

c. Bond and anchorage (3.10.4.3) 

1.2.4.2. EXPLANATORY BOOKS ON CP110: PART 1: 1972 

1) Designed and detailed CP110: 1972 by Higgins and Halling-ton 

(1973), page (22). For the design of reinforced pad footing 

f = 410 N/~, f = 30 N/~, and the column has 6-32 mm.¢ bar as y cu 

longitudinal reinforcement. They found that the required depth 

was 500 mm after considering shear, bending and local bond in the 



slab reinforcement, the bond length needed for the column 

starter bars was ignored. 

10. 

2) Concrete design to CP110 - simply explained by Allen (1974), 

page (201) example 15.1. For the design of square base having 

fcu = 25N/~, and using mild steel reinforcement for the base 

and no information was given on column reinforcement , he found 

that the required depth was 500 mm. after checking for bending, 

shear and anchorage bond for base reinforcement. 

1.2.4.3. THE AMERICAN CODE OF PRACTICE ACI 318-71 

In the design of bases the code specifies that the calculated 

shear stress at (:) from faces of the column (11.10.2) should not be 

greater than 4 PSi where f i is the compressive strength of C C 

concrete in psi based on tests of 611 x 12" cylinders (11.10.3) and this 

shear stress has constant value throughout depth (d) and length of the 

critical perimeter at (~)from faces of the column. 

All axial forces applied at base of column shall be transferred 

to the top of the supporting footing by compression in the concrete and 

by reinforcement of the column (15.6.1). 

Where transfer of force is accomplished by reinforcement, the 

development length of the reinforcement shall be sufficient to transfer 

the compression to the supporting member (15.6.4) and this development 

length of a deformed bar in compression is 0.2 fy ¾ / but not 

less than 0.000 3 fy ¾ or 8 11 (12.6) where fy is the stress corres-

ponding to a strain of 0.35% for fy.). 60000 psi (3 . 5) and¾ is the 

nominal diameter of bar. 

Hooks shall not be considered effective in adding to the compres-

sion resistance of r einforcement (12.8.3 and 15.5.4). 

1.2.5. DISCUSSION AlID CONCLUSIONS 

1J In CP110: Part 1: 19'/2 and the explanatory books for it by Higgins 
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and Hallington (1973) and by Allen (1974), the anchorage length 

for the longitudinal column reinforcement in the base was not 

mentioned at all while it is specifically stated in the ACI 318-

71. Hence, if the anchorage bond stresses stated in CP110: Part 

1: 1972 table (22) are to be used to calculate the anchorage 

length and then the base slab depth for the example solved by 

Higgins and Hallington (1973) page (22), assuming that the col-

umn bars are of type (1) specified in CP110: Part 1: 1972, it 

would be equal to (896.5 mm+ cover) in stead of (500 mm) and if 

it is designed according to the ACI 318-71, it would be equal to 

(639.4 + cover). The ratio of the two calculated anchorage 

lengths is 1.4. 

For the example solved by Allen (1974) a column design is done 

based on the cross-section given, using H.T steel bars type \1) 

having a characteristic strength f = 410 N/iJ, and the character-
Y 

istic strength or the co:mcrete fcu is 25 N/~. 4-25 mm.¢ bars 

must be used for minimum reinforcement , hence using the same cal-

culations done for the example solved by Higgins and J:iallington 

(1973), it is found that the overall depth of the base slab is 

\788 mm+ coverJ using CP110: Part 1: 1972 and t547.2 + cover) 

using ACI 318-71 instead of 500 mm. The ratio of the two anchor-

age lengths calculated is 1.44. The ratio of the two calculated 

anchorage lengths increases as the value off decreases. cu 
Therefore, we can conclude that punching shear and bending moment 

do not always govern the depth of the base slab. 

Also the difference between designing according to the British 

code and the American one is large as we have seen from the prev-

ious examples and since I have not been able to find any experi-

mental work on this subject, further clarification is needed. 
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2) The effect of ( P ) on the anchorage bond and shear stresses was 

not stated in the ACI 318-71 while it is stated in CP110: Part 1: 

1972 for shear stresses only. 

3) From the work done in (1.2.3.2.) we can see that the bearing 

capacity of the concrete increases as the ratio of the footing 

area to the column area increases and hence this might have a 

similar effect on the anchorage bond stresses, it may also just-

ify a higher compressive stress in the concrete of the column i£ 

suitable links are used. 

4) Many of the researchers suggested that some of the load is trans-

ferred from the longitudinal reinforcement to the concrete by end 

bearing. This also applies for columns with starter bars. 

Hence, the stresses in the starter bars may be smaller than in 

the main bars leading to a smaller anchorage length. 

5J In all the previous experimental program the axial load was appl-

ied to the reinforced concrete slabs either through a concrete 

stub or a steel plate and even if a reinforced concrete stub is 

used it is over designed since the ratio of the failure load of 

the slab to the ultimate axial load of the column calculated by 

equation (1) is only 0.192, 0.178 for S1-60 and S1-70 of Moe 

(1961) tests respectively and the same ratio is 0.165, 0.228 for 

v/r/2 and V/I.r/1 of Stomenbovie and Chapman (1972) tests respect-

ively. 

Hence from these ratios we can conclude that the stresses in the 

column reinforcement are very small and hence the anchorage bond 

stresses are also small which means only a shallow depth is need-

ed and that is why only shear or bending moment failures were. 

noticed. 
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1.2.6. EXPERIMENTAL PROGRAM FOR THIS PROJIDT 

From the discussion and conclusions of the literature review, 

the topic of this research program becomes very important, and a lot 

of clarification is needed since there are so many variables affecting 

the transference of axial load from.R.C. columns to bases. Due to the 

limit of time only the following have been investigated. 

1) The effect of varying the overall depth of the base slab (h) on 

the transference of axial load from R.C. columns to bases and 

keeping all other variables constant. 

2) The effect of varying the quantity of tensile steel reinforce-

ment and the diameter of bars used for the same quantity of 

tensile steel in the base slab for a fixed (h) and the rest of 

variables are constant. 

3) The effect of varying the lateral dimensions of the base slab 

(A and B) for a fixed value of (h) and other variables are 

constant. 

DESIGN OF SPDJIMENS 

Each specimen consists of a reinforced concrete column and a 

reinforced concrete base slab or a plain concrete base slab. Due to 

the limitation of space in the testing rig, the total height of spec-

imens is fixed at (1030 mm.) while the maximum length x bredth was 

900 mm. x 900 mm. 

Also due to the maximum loading capacity of the loading cell 

the column dimensions were chosen to be 200 mm. x 200 mm. in cross-

section which is also a reasonable section for site work. The colunms 

are designed according to CP110: Part 1: 1972 concerning the size and 

spacing of links. 4-20 mm.¢ H-T square twisted steel bars are used 

as column reinforcement which give Ase= 1257 iJ. and it is 3.14% 0£ 

the column cross-section area. This reinforcement and a chosen f • cu 
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35 N/~• still keep the failure load of the column within the capacity 

of the loading cell. 

The bases have different dimensions and reinforcement for each 

series of tests. 

The dimensions of the specimens are shown in fig. (1.1) where the 

details are in figs. (2.1, 2,3,4,5 and 6) for series (1), (2) and (3) 

respectively. 

To avoid end bearing in the longitudinal reinforcement for the 

columns, the bars are continued st~aight to the bott om face of the slab 

and a hole in the base steel plate of 200 mm. x 200 mm. was made, see 

fig. (2.1). This hole allows the column longitudinal 20 mm~ bars to 

push through without end bearing and also to see if punching shear 

failure does occur along the periphery of the column and at what stress. 

Failure of the base due to bending is avoided by supporting the 

base on a solid steel plate. 

To avoid failure due to stress concentration at the top of the 

column the spacing of the links was reduced as shown in figs. (2.1, }, 

5). 
To ensure that the steel and concrete of the column carried their 

proper share of load, the longitudinal bars were welded to the top steel 

plate. 

1.2.8. THEORY FOR CALCULATIONS 

1 • 2 .8. 1 • CALCULATED ULTI MATE AXIAL LO.AD FOR COLUMi.-l' ( p ult ) • 

For the calculation of the theoretical ultimate axial load CP110: 

Part 1: 1972 uses stresses 0.4 f for concrete and 0.67 f for steel cu y 

in the addition formula. 

The concrete factor is obtained from 0•67 where the 0 .67 is int-
Y m . 

roduced to allow for the difference indicated by a cube crushing test 

and the strength of the concrete in the structure. A cube is crushed 
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between two parallel steel plates which restrain the lateral expan-

sion of the concrete by friction and leads to artificially high results 

whereas the area which crushes in a structure is bounded by concrete 

which does not give the same restraint. Also a short specimen will 

always give a higher result than a longer one . Ym is 1.5 which takes 

account of possible differences between the material in the actual 

structure and the strength derived from test specimens and it covers 

items such as insufficient compaction, difference in curing dirty cast-

ing conditions and segregation in transport. Hence ~:~7 fcu = 0.4466 

f then reduced by 10'fo to allow for the accedental moment specified cu 
in code, therefore, the concrete stress becomes 0.4 f cu. 

The steel stress factor is obtained from the maximum stress in 
rr fy .1 y 

compression ~fy / Ym) / (1 + 2000 y )j m is 1. 15 which takes 
Ill 

account of corrosion and variations of cross-sectional area. There-

fore, the factor is variable as the value off varies and it is 0.74 y 
for f = 410 N/~, 0.784 for f = 250 N/~ and 0.72 for f = 460 N/ y y y 

2 mm. 

Hence a stress of 0.75 f is used for short colurrm. design reduced y 
. by 10% for the same reason as that for the concrete, the stress becomes 

0.67 r. y 
Somerville (1971) used 0 .67 f and 0.75 f to calculate the cu y 

theoretical axial load of the columns in his experimental program. 

Therefore, for simplicity the addition formula is used to calculate 

pult in the same way as it is used in CP110: Part 1: 1972 , except for 

the stress factors, that is 

P lt = o.a f A + 0.9 fy Ac u cu s s 
I • 

••..•••••.••••• ·······:·········•·\1) 

The factor of o.a is used since the average value of fc/fcu·for all 

the tests in the three series is 0-797 and this is well established 



from test results for a member of the same concrete as a cube . This 

factor is twice the code factor and about 1.2 x that used by Sommer-

ville (1971). 

the experimental 
f 
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The steel stress factor of 0. 9 is used to fit 

results of T1_6 and this is not far from the ratios f s~av.~ 
0 f = 0.85 

y 
and f (max.)/ f = 0 . 941 , see t able (3.3) . This factor is 1.343 x s y 
that of the code and 1.2 x that used by Somerville (1971). This me~ 

that Pult of equation ~1) is 1.2 :x: Pult calculated by Somerville (1971). 

All these equations can be written in a general form which is 

pult = a fcu Ac+ e fy Ase 

Where a. and 8 are the f actor s tabulated in Table 1.1. 

(1) (2) (3) (4) (5) 

Equation ( 1) Sommerville CP110:Part 1 (1)/(2) (1)/(3) 
(1971) 1972. 

a o.ao 0.67 0.40 1.20 2.00 

8 0.900 0.750 0.670 1.200 1.343 

1.2 .8.2. PUNCHING SHEAR STRENGTH OF BASE SLABS 

The punching shear strength of the base slab is calculated using 

the same equation used by Ir.M. Dragosavie and Ir. A. Van Den Beukel 

(IBBC - TNO) (1974) since it is very simple to use and fits very well 

with Talbot (1913) and Richart (1948) test results . 

Hence , 

The punching shear strength ,.,. ~2 a1 + 2 a} + 1r d J (1 + 0.05 f 0u) d 

.. . ..... .............. ..... . ....... (2) 

where a1 and a2 are the lateral dimensions of the colunm. 

Equation (2) i s used to fi~d the depth of slab required to resist 



17 . 

punching shear failure so that it can be compared with the depth of 

slab required to resist anchorage bond failure between column long-

itudinal reinforcement and the base slab concrete. 

Also to compare these results with the current codes of practice 

equations (3) and (4) are used for CP110: Part 1: 1972 and the ACI 318-

71 respectively. 

Punching shear strength = 

.•........ . ...................... (3) 

where ~s obtained from table (14) and vc from table (5) of the 

British code. 

and 

Punching shear strength ,. ~2a1 + 2a2 ) + rr d] 0.85vc d •.....•.• • (4) 

where v = 0.3352 f• • (11.10.3) of the American code. C C 

1.2.8.3. A1'!CHORAGE BOND STRESSES 

The anchorage bond stresses fbs( av)andf0s(max.) are assumed to be 

constant over the effective anchorage length, taken as the force in the 

bar divided by the product of the effective anchorage length (which is 

(h) in this case) and the effective perimeter of the bar. fbs (av.) is 

calculated using the average force in the four bars of the column while 

fbs (max.) is calculated using the maximum force in one of the four 

bars of the column. 

To compare these results with the current codes of practice equ-

ations (5) and (6 a, b) are used for the British and American codes 

respectively. 
fu ¢ 

Anchorage length= 1 = __ ;:;;;.____ '5) 
4 fbslCP110) ••••••••···••••••··•••••••••\ 

where fu = 2000 Y + f m Y 
and since the proof stress of the steel 

control specimens is used for f therefore, the partial safety factor y 



18. 

Y m • 1 instead of 1.15 as specified in the British code where 

Ym = 1.15 is used for the calcula tions of the examples solved by 

Higgins and Ha.llington (1973) and Allen (1914). fbs lCP110) is the 

anchorage bond stress obtained from Table (22) of the British code. 

Anchorage length = 1 : 
0.23875 f ¢ y .. .. .... . ............. (6.a) 

or 1 a 0.427 f ¢ ••••••••••• • • ••••••••••••••••••••••••••••(6.b} y 

or 1 a 203.2 mm. whichever the greater. 

Where f is the stress corresponding to a strain of 0.35% for f exceeding y y 
421.9 N/-rJi (3.5) of the American code. 
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CR!\.PTER 2. 

PREPARATION DID TESTI NG OF SPE:C~TS 

2.1 I NTRODUCTION' 

The ex-perimental procra..~ consists of three series of tests . In 

series (1) the variable is the overall depth of base slab (h) while 

width, lencth, reinforcement for the slab, dLmensions end reinforce-

ment for the column are kept constant , in series (2) the ve.riables 

are the base slab reinforcement and the diameter of the be.rs for the 

base steel, ?.nd in series (3) the ve.ri able is the width x lencth of 

the base slab . See Fiss . (2 . 1, 2. 2, 2. 3 , 2. 4, 2. 5 and 2. 6) for 

details of each specimen. 

2. 2 M.ATE?cIALS FOR SPBCIMENS 

2. 2.1. CEfvfENT : - Ordinz.ry Typical Cement (O. T.C) is used 

throughout the pro{,Tam except for tests T2_1 , T2_4 and T2-6 0::cdinary 

Portland Cement (O.P.C) is used. 

2.2 . 2, AGGREGATES :- Zone III sand and 3/a maximum size crushed 

gravel su:p:_:,lied by The Kidland Gravel Co . Limited from pits in the 

Birmingham area a.re used in all t he specimens . 

2.2 . 3. CONCRETE MIXES :- The actTecates are completely dried before 

\7eighing , the a.ry •,,eight proportions of cement , sz.nd , anc. crushed 

gravel are 1 :2:4 res:pectively end the ,rater/cement ratio (rr/c) = O• 6 

except for specimens T1_1 and T1_2 it is= o. 55. 

2 . 2 . 4. P£Il\TFORCEMENT : - The reinforcer.ient is ma.de up of H- T sque.re 

twisted b QXS each of about 12m. long. 

2. 'i CONTROL SPECDILENS 

2. 3. 1. CONCRETE :- With each castinG a set of concrete control 

specicens is cast. This consists of:-



( a,) 4 - 5 ,1 50 r.1.1T1 . cubes from nhlch f 
cu 

the testin.; results . 

(b) 4,300 x 150 mm. cylinders . The stress- strc.in curves from which 
the s ecant nodulus (Zc) co.lculc.ted c>.nd ::-ioisson ' s r c:!.tio 2.re 

obt?..ined. by testinJ t ·.,o of the cylinders 1ii1ile the spli ttino 

tensile strencth (ft) i s determined by testin:; the other t,;,o . 

2.3.2 . STEEL :- From ea.ch '12 m. b2.r e, speci!'len 450 r.un . lone 

is t ested in tension to Qetermine the modulus of e l as ticity (3s), 

yield stress (f ) and yield strain. y 
TB'3TING :.lIG JND MACHTNE3 USE!D 

2. 4.1 . TESTI NG RIG:- A photo.:;-r2.:.:ih of the testinc ric; is sho-..:n in 

Fig. ( 2. 7) • The load is appliec. to the· specimen b~• four hydraulic 

j acks thr:::iuch a s teel ple.t en on rrhich the b[:>.se steel plate is placed. 

The oil is pu.uped to these j acks by one pump thl.'ouff~ a four va lve 

manifol d by which the pressure on each j c:.ck can be controlled . 

The m.s.xi mu.111 lo;:,.dinG capacity of the te::;tin,:; ri~ fa 8000 KE. The 

102,cl re2.di11ci is r ecorded. f r or.1 a calibra ted. c.io.l [;'c.uce in the 102.ding 

cell v:hich is pl 2.ced on the top s teel pl2.te of the c0lu.--:m. The 

mo..ximu;i cc1pc.ci ty of the 102.din_; cell is 2000 KN . It he.s t wo 70 r-1."!l . 

thick steel plates and bet,;;een t~en a steel s phere throu.zh ,1hich the 

loa d i s applied. This a r:ran,:;eme1;t ensures that a.::.i e.l lond is a:pplied 

to the colu;:m. 

OTHEil M.ACHTNES USED :- The concrete cubes end cylinders e.re 

tested by a 3000 KN . C2,paci t y tension Compress ion ~es tin,:; :.:.:whine 

e.nd a Peeke l strain record3r is used t o record the strc.ins in the 

concrete cylinciers , while ti1c reinforce!:lent speci;-:i.ons ~.re tested by 

a :)enison Univers~l Tes tin.;; r,~achine r1i th a Bddr:in automatic str2.in 
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recorder ,rhich produces a lo3.d.- eJ:tension craph. The strains in the 

reinforcement are measured by the Conpulos D:::.te. Lo;;:er w:iich prints 

the strains autonc.tic8.lly for each load incre:nent . 

2. 5. STRAIN AND JEFL~CTION MEASUfil..:'\ffiNTS 

The strains in the :J: . T. sq_u:::.re twisted reinforcins be.rs c-:.re r.ie;;.sured 

by electrica.l resistance strain Gauces i7hich have either 6 r.un . lencth, 

2.14 ga:u5e fo.ctor and 120 ca,uge resistance or 5 nn. len;:;th , 2.04 

gall{;e fe.ctor ,md sa.,.ile cau::;e resistance . These sauces are connected 

to the Compulog Data Loe5er. 

The vertical and latGra l strains in the concrete control specimens 

a.re neasured by the electrical resistance strain ~a.u.:;es r1hich have a 

gauge factor = 2. 07 , [ 8,Uae resisto.nce = 120 n and len~th = 60 mm. 

These sau:::es a.re connected to the Peekel strain recorder . All the 

electric2.l resistance strain gau,;-8s o.re mcu1.ufo..cturec. by '!'o:cyo Solr .. ki 

Kenl:yujo Co . Lir:1i tee .. 

The longitudinal and lateral stre.ins in the column 2.re measured 

by 8 11 and 611 Demec ga;u~es respectively. 

The deflection of the base slab at the centre lines 105 mm. from 

faces of coluran and the u1J,1ard movemeut of the loadins- platen (the total 1 

shortening of the specimen) are recorded from dial gauges reading to 0. 001". 

The position of a.11 these ga.uees end their m.unbers a.re shOim in 

Figs . (2 . 2, 2.4 and. 2.6) for series (1) , (2) and (3) res~cctively. 

2 . 6. PREPA ... '1.ATION OF SP.F,CM~NS 

2 . 6 .1 MOULDS :- The nould.s used a.re macle of ,,ood ond are 

divio.ed into two parts, the first part is for the base and 50 mm. of 

the colu.::m heieht aud the second pG.rt is the rest of tlw coltunn 

heiGht . See Fie. (2. $) . 
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2. 6 . 2 RETh?0HCE:t1E1'."T 

2 . 6 • 2 . 1 • COLill!ilJ REIIG'O?.C3U!~N'I' : - For all the three series of tests the 

lonGitudinal reinforcement consists of 4- 20 mm. of H. T. square 

twisted bars each bar has a stra.icht lencth of 1025 m.--;i . ( P = 3.1 4) . 

The l a t er a l r einforcenent consists of 6 ITt"!l. . ¢ ?.:. T. s q_unre twisted 

b2,rs . The first link is 60 mm. above the top surfa,ce of the base 

slab follm7ec.. by ti7o links 200 r.un . centre to centre . .Near the top 

of t he c olUr.111 for all specimens the link spacing i 3 r sduced to 

prevent loca l failure due to the stress concentre.tion a t the point 

of application of the loo.d. See Fie . (2.1, 2 . 2 , 2.3 anc. 2 . 5) for 

the spa.cin.;; of these links . The measure:11ent of bendin.:; dir:iensions 

of the links are a.ccordin:; to: B .s. 4466 - 1969. 

The inside dimensions of all the links ar e 140 x 140 ITL~ . 

2 . 6 . 2 . 2 . BASE SL.AB P.EIN.F0RCEN'iENT:- The be,se s lab reinforce111t consists 

of 16 mr:i. 0 H. T. squa.re twisted bc:.rs except T2_5 i n nhich 25 mm. 

bars are used 

The bendin_; climensions a re in accordance with B. S. 4466 - 1969 . 

For spa ci n.J of these bars see Fies . (2 . 1 , 2 . 3 and 2 . 4) . 

TOP AND BASE STEEL ?LJ.TES :- The top plc>,te is made of M- steel , 

20 m.--:i . thick and 200 x 200 m:.1 . squo.r e , r1hil e the base plate is a l so 

M. steel but 12 nm1 . thick and 900 x 900 mI!1 . square r;i th a central 

hole 200 x 200 nm. s~u-::i,r e . See Fie. (2 . 1) for di1:1ensions e.nd position 

of holes for both plates and they are the seme f or a.11 the s:pecimens . 

FIXING ELECTRr c~.1 R..SSISTPJ.TCE ST11AIN GAUGES ON THE REI!JFORCEMF.NT 

After preparing the reinforc i n~ steel bars for the specimens 

accordinc to Fies . (2 . 1, 2 . 3 end 2.5), the exact positi ons of the 

ga116'es are mD.rkcd out , then the areas on ,--;hich the cau:;es ar e to be 

stuck are cleanecl with emery cloth a.."ld further the ~-reas a.re cleaned 

v;i th "Genclene" and finally neutr£?.lized r;i th an 11.An.rionia Solution" . 



24 . 

cloth to provi cie a key for the clue t:ien dipJed into "Genclene" to 

clean then ~nd fim.lly dipped into an A.":1...9onia Solution. 

\'/hen the cauces are dry a pi ece of sellota.pe is usec. to :::lick up 

one ~a.uee by its upper f c:i ce and plc:wed in the exact position. The 

sellota,pe is peeled back from the non- connector end of the e;-2,uce 

until the nhole of the gauge is held. clear . The sellotape still 

stuck down will ensure tha.t the :;-aUGe ' s position will not be altered. 

A small blob of Permabond 102 contact cement glue is :;:,le,ced a,t 

the con.Dector end of the gat1o--e then it is rolled back down u:sing 

fin;er pressure so tha t the c;lue squeezes uncier the Y:hole of the 

sauge . A fim pressure is maintained over all the c~us e for a 

rainut,e then the sellota.pe is peeled back end the t no co:n.."1ectors are 

soldered to the cables , sellotape is used to ensure that t hese 

connectors are insulated from the bars . 

J, dumny cauc;e is prepared in the seme ,-:2,y on a s;.1all pi ece of 

steel bar and covered \7i th Philips PR 9248/ 00 strain gauee se&,ling 

compound then embedcied in 4" x 4" x 4" concrete cube . 

The gauges on the 20 mm i ba,rs are placed in line vri th the 

lon1;i tudiru,l axis of t he bar while those on the second li:n..lc from the 

ton surface of base sla,b ar e nlaced in line v;i th the horizontal axis - . 
of each side of the link and a t its centre on the top surface . The 

gauGes on the base slab reinforcement are pl aced in line with the 

loncitudinal axis of the bars on the bottom face and at t he centre 

line of the base slab . 

Afte-r fixin~ a.ll the c:;a'U[;es on the r einforcinc bars a layer of 

5 mm . thick of Philips PR 9248/ 00 strain cauce sealillB' i s used to 

protect the cau:::;es from any moisture durir15 ce.stin.:; of the specimens 

or aftervm.rds , see Fig. (2. 1, 2. 2, 2. 3, 2.4 and 2. 5) f or position 
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and number of gauces for each · specimen. 

Apart from those T h 1-1 as 4- electrico.l resist.:> .. ,ce str.::in gaUGes 
fixed on the 4-20 l'i'L~. 1 b 5 co umn · :u-s e± a O nm. level above the 

bottom face of the base slab and T
1
_

2 
h~s 4-electrical resistance 

strain ~auo~es fixed th 4 20 • on e - mm. <P colu.r:m bars at 35 mm. level and 
another four at 120 llL~ . level . 

CASTING lu'ID CURING OF SPECThfENS 

Each specimen is cast in t;10 staccs , first the base and 50 rmn. 

of the column, then after 24 hours the rest of the coltu.--m is cast. 

2.7 .1 FIRST CAST :- The wooden mould for this ce.st is 

assenbled and placed in position then the base is checked to be 

horizontal usinc a spirit- level. .All the joints &.re see.led wl th 

plasticine to prevent any seepace of cement mortG.r or water after 

that the mould. is oiled.. 

T'ne reinforcemt ca.~es a.re asser,1bled and placed into poci tion, · 

then the long-i tudinal colu."'ID reinforcements a.re checked by s:piri t -

leve l to make sure that they are vertical before and. duri!l£ casting. 

Due to the limiting capacity of the mixer the ca.st i~ t1ade of 

two batches for all the specimens of series (2) and T1_1 , T1_2 , 

T1_3 and T3_2 from series (1) end (3) respectively ,1hile it is made 

of three batches for the rest of the specimens ezcept T1-6 which is 

me.de of four batch'.3s and T3_1 which is made of one b'.3 tch. Each 

batch is mixed for three ninutes into the mi::er then cas tinc the 

first l e,yer of tile specimen took place , the l ayer is vibrated 1.llltil 

there is no e~r bubbles on the surface using a Pooker vibrator , the 

same procedure is used for each l ayer. Four hooks are installed in 

the base slab to facili to.te the lifting of the specimen after curing 

see Fig. (2.9) . 
The concrete control specimens are cast in the same way. 
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After the final layer, the upper f:-ce of the b:-.se slc.b ;;nd the 

control specimcms is finished snoothly then covered vri th :,olythene 

sheets for t-.-:enty- four hours . 

2 .7. 2 SECOND CAST :- Tr:enty-four hours after the ffrst cast 

the 50 r.i.~ . part of the column is stripped of the then the top 

mould is a.ssembled and its joints are sealed r,i th :;;>laoticine . Then 

a thin layer of plasticine is placed e.round. the 50 nn. pi:rt of the 

column at the surface of the base slci.b to :prevent a.ny lea.1<3.Ge of 

cement morta.r and water from the mould. The top mould is now 

pl aced and fixed· in its exact vertical :position and this is checked 

by spirit- level after that, 30 rnn. concrete cubes are pl2.ced bet.men 

the mould and the 20 mm~ bars to ensure exact cover and position of 

the steel cage , then the second cast is started e.nd is made of one 

batch for all the specimens . .liter mixins- the batch in the mixer 

for three minutes , the colu.--m is cast in layers , each one is 

vibrated usinc; a Pooker vibrator. In the same time the control 

specimens a.re cast in the sa...TJ1e way. After the last layer the 30 mm. 

concrete cubes are removed and the top of the colu.-nn is levelled 

with the top of the mould. The specimen and control specimeno are 

cured tocether under wet s acks and polythene . The sacks are soaked 

daily anc1. the polythene is to prevent too rapid c:ryin.:; out . 

2 . 8 . PREPARATION OF SPECIMENS FOR TESTING : - After curing the 

specimen the polythene sheets end the wet sa.cks a.re removed. , a. thin 

l ayer of pl aster of paris is placed on the top of the column under 

the top steel plate which is levelled by a spirit- l evel so th2.t its 

top surface is horizontal . 

The spots for the 8 11 and 611 Demec saU5es are fixed onto the 

faces of the column usin.:; F . 88 adhesive and their number and position 

as sho.-m in Fii;s. t2 . 2, 2.4 and 2.6). 
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The specimen is then lifted with a forklift truck to the tes ting 

rif; v:here +he 5 b t +h f t t l 
- - v mra • .:ap e i:een ., e up::,er sur ace of the op s ee 

pl ate and the top of the 20 mm. <P bars is filled by weldin;·, after 

cleenins a,ray the surplus ple.ster of p2.ris to ensure th::.t the bars 

'iiill not sli:;i upr:ards . The to:p surface of the r;eld is .:;round level 

with the top surface of the top steel plate . The specir.len is then 

lifted into the test ris ond mounted in position over tha ba se plate 

which is on the top of the loadinc plc1,ten, me.kill€ sure that the plan 

of the colu."llll coincides with the hole in the base plate . 

A thin layer of pla.ster o: paris is placed between the base 

slab end the base steel plate to ensure complete contact between 

them. To prevent the plaster of pe.ris from ent,arin.g the hole in the 

base pl ate a 5 mm. thick layer of pla.sticine is pla,ced on the edg~s 

of the hole to seal it . The loading platen of the testi!l6' rig is 

levelled so that the column is vertica l ~nd this is checked by 

spirit level for all faces of the column. 

The load cell is plc?.Ced in position on the top steel plate at 

the centre of the column end the dial gauces on the ba.se slab and 

under the load.in.; platen corners are fixed as sho·.;?1 in Fig. (2 . 2). 

The specimen is then ready for testing. 

PREP.P~'{ATION OF CONTROL SPECIMENS FOR TESTING 

2. 9.1. CONCRETE:- From each ca.st t\'io 1 50 x 500 mm. 

cylinc.ers are capped with plaster of pnris to ensure a smooth 

horbontal top surface and four 60 mr.i . electric.::.l resistence stra,in 

gaw;es ar,e fixed at the mid height of each cylinder diametrica.lly 

ou·oosea. usin~ F . 88 a,dhesi ve. Two are ple.ceo. vertically and the -. 
other tv/0 circumferentially on the cylinder then the two connectors 

of each gauee are soldered to v;ires ,·,hicn • .,..re also connected to Peekel 

strain r 2corder. 
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2. 10. TEST PR0C8DURE rorr S?ECL'M:EMS 

At zero lo:?.d ,:;here the to-p of the 102.c in::; cell is just touchins 

the botton f2.ce of the be2n of the testin-'.; ric, the re2.din'"'s of the 

electrica .L resistance strc>.in i:;aur;es are recoro.ed by the Data Lo:ger 

~hich is progre..In1'1ed to print the strains in the reinforcement directly 

for each loadinc . The horizontal and vertical D~nec sau.:;es reading 

which cive the le.teral and lon;:;itudim.l stra ins in the column are 

recorded usi~ 611 and 8 11 Ilemec saw;es respectively. Finally the 

read.ings of the dial gauges on the base slab end under the loading 

platen are recorded. 

The load is then increased by increments of 100 - 125 KN. end 

the readings 2.re repeated until the specimen fails . 

For each lo::i.d increment the ree.din.:;s taJ;:e about ten minutes . 

Dtlrins the test eny c racks appearin: on the base or column a.re 

marked end their propagation for eac:1 load increme:::J.t . After the 

test is completed the four sides of the specimen e.re photo~aphed, 

then it is lifted and the pa.ttern of cracks on the bottom face of the 

base slab a.re s~etched and a lso :photocraphed. 

2. 11 TESTING PROCEDURE OF CONTROL SPOCIMENS 

2.11.1. CONCRETE:- After the s pecimen is tested, the 

cubes are tested by the 3000 KN. Denison !,lo.chine end the crushing 

load is recorded, then the unce.:pped £,ylinc.ers are test-3d to find the 

rue.xi.mum s:plittinc load anc. finally the capped cylinders are tested 

and th3 stra.ins 2.re recorded from th~ Peekel strain recorder for 

each loe.d increment until failure of the cylinder . 

All the tests a.re c 2.rried out in accordance ·;:ith B. S. 1881 : 
'V Pe.rt 4: 1970, for testi nc of concrete except for E c ond c tests . 



2 .11.2 STEEL : - The 450 rnr:i . sp~cimens ~r e tes ted in 

the Denison Universal Tes tin:; Machine. Lo::!d- e::tensi on plots are 

obtain-=d usin8' Baldwin Automa,tic Strain Recorder. 

29. 
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CH.API'ER 3. 

SERIES ( 1 ) RESULTS AlID CALCUL..\'rI0HS 

.Th'TR0DUCTI 0N 

This series consists of six specimens each one has the same col-

umn dimensions , base lateral dimensions and reinforcement . The variab-

le in this series is the overall depth of the base slab (h) which is 

100, 150, 200, 250 , 300 , and 400 mm. for specimens T T T 1- 1, 1-2, 1-3, 

T
1
_
4

, T
1
_

5
, and ir1-6 respectively. All the details are in figs ~2.1 

and 2.2) in Chapter 2. 

C0lifR0L SP~D'Jl:NS RESUL'.CS 

STEEL 
For each specimen there are three control specimens one for the 

20 mm.¢ bar, the second for the 6 mm.¢ bar and the third for the 16 nun. 

¢ bar. The results of the tensile teats are as plotted in figs l3.1.a, 

b,c) and the values of (f) and (E) are tabulated in Table (3.1) . y s 

The compresive cube strength (f ) for base and column concrete cu 
are obtained for each specimen from the 150 mm. cubes and the tensil e 

str engths (ft) are obtained from the uncapped cylinders. ~he water/ 

cement ratio (w/c), mix proportion by weight , age of concrete and the 

above results are listed in Table (3.2) . 

From the capped cylinders result for base and column concrete of 

each specimen the axial stress is plotted aea,inst the longitudinal 

strain as shown in figs. (3 . 2.1a, 2a, 3a, 4a, 5a and 6a) for column con-

crete and f igs . (3 .2. 1b, 2b, 3b, 4b, 5b and 6bJ for base concrete . 

Fr om these plots the average secant modulus (Ec) is calculated then the 

axial stress is plotted against (E) for both column and base concret e 
C 

see f i gs . (3 .2.10, 2c , 30, 4c , 5c and 6c). Also the axial stress i s 

-



40 . 

plotted against the lateral strain as shown in figs. t3.2.1d, 2d, 3d, 

4d, 5d and 6d) for column concrete d f' (3 2 1 2 3 4 5 an igs • • • e , e , e , e , e , 

and 6e) for base concrete then the average Poisson's ratio (Ve) is 

calculated by dividing the lateral strain by the longitudinal strain 

for each load increment and finally the axial stress is plotted against 

the Poisson's ratio ( vJ for both column and base concrete as shown in 

figs. (3.2,1f, 2f, 3£, 4f, 5f and 6f). 

SPECD.rn:NS RESULTS 

LONGITUDINAL STRAIN 

For each specimen the average longitudinal strain is calculated 

from the results of the 811 Demec gauges on column concrete and from the 

electrical resistance strain gauges on column steel then the experiment-

al axial load is plotted against the longitudinal strain measured on 

both concrete and steel as shown in figs. t3.3.1, 2, 3, 4, 5, and 6). 

Then the experimental axial load is plotted against longitudinal strain 

measured on all column•s concrete as in fig. (3.3.b) and. on all column's 

steel as in fig. (3.3.a). 

LATJ<JRAL S'rRAil~ 

The experimental axial load is plotted against the average lat-

eral strain calculated from the result of the 6" Demec gauges on column 

concrete and from the electrical resistance strain gauges on column 

link for each specimen as shown in figs. (3.4.1, 2, 3, 4, 5, and 6). 

Also the axial load is plotted against the lateral strain measured on 

column concrete for all specimens as in fig. (3.4.b) and against lat-

eral strain measured on column link as in fig. (3.4.a). 

S'l'RAIN nr BASE SLAB RElNFORCEMENT 

The experimental axial load is plotted against the strain measur-

ed on the bottom face of the reinforcement for the base slab at the 

middle. of the 16 mm.¢ bars for the lower layer as shown in figs. (3.5.1, 



2, 3, 4, 5 and 6) . 4 1. 

DEF'LECTION OF BASE SLAB AND TOTAL SHOR'l'ENI~ OF SP:ECD.fEN 

The experimental axial load is plotted against the average up-

ward deflection of base slab at 105 mm. from column faces on the 

centre lines of the base as shown in fig. (3.6) for all the specimens 

and t hen it is pl otted against the total shortening of the specimen 

as in fig. (3. 7) for all the specimens. 

MODE OF FAILURE 

Specimen T1_1 failed by punching shear failure of the base slab 

along the periphery of the column. The cracks first appeared on the 

bottom face of the slab then travelled outwards until they reach the 

outside then they propogate upwards for the full depth of the slab 

where they met the cracks on the top face of the slab as shown in 

figs. (3.a and 3.9.1). 

Specimen T1_2 failed by anchorage bond failure of the longitud-

inal column steel reinforcement with the base slab concrete . In this 

specimen the cracks on the bottom face of the base slab started first 

from the 20 mm.p bars and they travel inwards and outwards until they 

meet each other inside the 4-20 mm.¢ bars for the inside and until 

they r each the sides of the base for the outside then they extend up-

wards until they reach near the top of the base slab. The 20 mm.¢ bars 

slip downwards then the column concrete failed by compression as shown 

in figs. (3.8 and 3.9.2.). 

Specimen T1_3 failed in the same manner as T1_2 except the 

number of cracks on the bottom face of the base slab is fewer see fig. 

Specimen T1_4 also fai l ed by anchorage bond failure as in 

T1_2 and T1_3 but in this test the cracks on the bottom face of the 

base slab only met inside the 4- 20 mm.¢ bars and did not travel far 



42. 
towards the outside direction, see fig. (3.8 and 3.9.4}. 

Specimen T1_5 failed in the same manner as T and the cracks 1-4 
on the bottom face of the base slab are even shorter. See figs. (3.8 
and 3.9.5). 

In specimens T1_3 to T1_5 the longitudinal 20 mm.¢ bars slipped 

downwards then the column concrete failed by compression. 

Specimen T1-6 failed by yielding of the column longitudinal 

steel reinforcement and then the column concrete failed by compression. 

In this test there was no end slip of the 20 mm.¢ bars and no cracks on 

the base slab, see figs. (3.8 and3.9.6). 

In T1_2 - Tt-6 the centre of the compression failure zone for 

column concrete is . above the top of the base by about 310 mm. as an 

average for these tests. 

CALCULATIONS 

TAELE 3.3 AHD GRAPHS 

For each specimen the maximum experimental axial load lPtest)is 

recorded then using equation (1) the theoretical ultimate axial load 

(Pul t.) is calculated therefore, the ratio of (Ptest./Ful t ! is found. 

From the maximum and average longitudinal strains measured on 

colunm reinforcemen~ ( i max.) and ( av.) respectively the axial 

load on each of the 20 mm.¢ bars is found for both ( e: av.) and 
8 

( e: max. ) from that the average load taken by the longitudinal column 
. S 

reinforcement is calculated and subtracted from (Pt J and the result est 
is divided by the concrete cross-sectional area (Ac) this gives (£c) 

then the ratio of (f /f for column concrete) is found, see example C CU 

below for the calculations of T1_6~ The average and maximum anchorage 

bond stresses fbs (av.) and fbs (max.) respectively~ calculated from 

the average and maxinnun axial load on the 20 mm. r/; bars. Then the 

ratios of (fbs (av.) and fb
8

(ma.x.)) to (fcu of base concrete) are calcu-

lated .. In T1_1 and T1_2 the anchorage bond '3.rea subtracted from it the 
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area of the water proof covering the strain gauges in the base slab on 

the column steel and this is 400 ~. for T1_1 and 800 mm2 for T
1
_
2

_ 

The average and maximum stresses in the 20 mm.¢ column reinforce-

ment f tav.) and f (max.J respectively are calculated from e (av.) s s s 
ana. e (max.) then the ratios off tav.)andf (max.J tof are s s s y 
found. 

Using equation (6.a) and assuming f 1 = 0.8 f the allowable 
C CU 

anchorage bond stress fbs (ACI) for the American code is found to be 

equal to (0.9366 f ). This value is calculated for all specimens. cu 

The ratios of fbs (av.)/ fbs tACIJ and fbs (ACI) / rcu are found. 

From CP110: Part 1: 1972 Table (22) the allowable anchorage bond · 

stress corresponding to f of base fb (CP110) is read for all the cu s 
specimens then the ratios of fb (CP110) / f and fb (av.)/ fb s cu s s 
(CP110) are found. 

If the anchorage bond failure talces place entirely within the 

thickness of the base slab, for a base slab of zero thickness it might 

be expected that the column failure load would be given by the part of 

the column strength attributable to concrete only, on the assumption 

that the stress in the steel is zero. Then the ratio of(0.8 f A
0

/ cu 
Pult.) is calculated for all the specimens and the average value for 

T1_2 - T1_6 is 0.66 since T1_1 bas different mode of failure. ~his 

ratio can represent a theoretical point whose Ptest/Pult. = 0.66 at h mo. 

All the above results and calculations are tabulated in ~able 

The ratio of (Ptest/Pu1t) is plotted against the overall depth of 

the base slab th) and the theoretical point whose co-ordinates a.re 

(0,0.66) is marked on this graph. A regression analysis is done for the 

results of T1_2- T1_6 and the equation of the best% 
p -~ 

through these points is( pteat ) • 0.77 + 0.55 x 10 
• ult 

straight line 

(hJ • 
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Then the results of T2_1 and T
3
_

5 
are plotted on the same graph. 

These specimens are a part of a series of tests with no steel reinfor-

cement in the base slab. See fig. t3.10). · 

The ratios of fbs (a.v), fbs (max.), fbs (CP110) and fbs (ACI) to 

fcu of base concrete are plotted againstth) as shown in fig. t3.11J. 

Example on fc calculations for T1_6:-
-6 

Reading from graph no. (3.1.a) fore: oz 2206 x 10 s 
Axial stress • 414 N/uui. 
Load on steel= 414 x 1257/1000 = 512.4 KN -

?test= 1550 KN. 

Load on concrete = 1550 - 521.4 = 1028.6 KN 

A = 40000 - 1257 • C 38743 ~-
1028600 

Hence ·c = 38143 • 26.58 N/mm2. and re 26.58 o 823 • 34.55 = • • 
fcu 

PUNCHING SHEAR 

The depth required to resist punching shear failure using the pro-

perties of T1_6• That is, axial load• 1550 KN and fcu for base con-

crete= 34.55 N/~. 
Punching shear is considered so that the depth required can be 

compared with the anchorage length required to resist anchorage bond 

failure. 

The depth required to resist punching shear is calculated accord-

ing to the followings:-

1) CP110: Pa.rt 1: 1972 

P.rom tables (5) and (14) of CP110 code using T1-6 properties, 
2 

V = 0.35 N/mm. 
C 

Hence using equation (3) the required depth= 670.00 mm. 

2) ACI 318 - 1971 

The capacity reduction f actor= 0.85 



f~ = 0.8 fcu = 27.64 N/~ 

Hence using equation (4) the required depth= 508.25 mm. 

3J EQ.UATION (2) 

Using equation (2) the required depth= 364.40 mm. 

PUNCJ:ilNG SHEAR ALONG THE PERIPHERY OF THE COLUMN 

45. 

Speciment T1_1 failed by punching shear alone the periphery of 

the column at a shear stress= 1285000 a 16 06 N/iJ 80000 • • 

The ultimate shear stress from CP110: Part 1: 1972 tables (5) 

and (14) and the properties of T1_1 is equal to 1.144 N/iJ.where 

from table (6) the maximum allowable shear stress =4.4N/~. 

ANCHORAGE LENGTH FOR LONGITUDINAL COLID,lli REINFORCEMENT 

Specimen T1_6 failed by yielding of the column longitudinal re-

inforcement and hence its depth h = 400 mm. is also the anchorage 

length required to prevent anchorage bond failure (1). To compare 

this depth with the current codes of practice its properties are used 

and the following :-

1) CP110: Part 1: 1972 

From table (22) of this code the anchorage bond stress= 2.93 
2 N/mm. and the permissible stress in the column longitudinal reinforc-

ement 2000 X 487.~ = 2487.3 

= 391.83 N/~. 
Hence using equation (5) gives 

1 = 669.01 mm. 

2) ACI 318 - 1971 

The yield stress corresponding to a strain of 0.35% for the 

T1-6 20 mm.¢ bars= 470 N/n& . 

!fence equation (6.a) gives the maximum anchorage length, that is 

1 = 426.73 nnn. 



46. 

DISCUSSION OF SPECll!EJ.fS RESULTS AND CALCULATIONS 

COLUMN 101\TGITUDINAL S'l'RAIN 

The graphs for strains measured on steel and concrete at the beg-

inning of the tests are almost the same except for small difference 

which may be due to the different methods of measurement used in the 

test, then as the load increased the steel started to lose some strain 

which is the beginning of small slip after that the strain in the steel 

increased as the bar deformations began to be effective, then it slipped 

slightly more and as it is doing so the steel graph lags behi.nd the 

concrete one until failure of the column concrete by compression. This 

applies for all the tests except T1_1 and T
1
-6. In T

1
_

1 
the column did 

not fail although there was a difference between the steel and concrete 

strains as shown in fig. (3.3.1). In T1-6 the steel did not slip as in 

fig. (3.3.6) and the failure was due to yielding of the longitudinal 

steel reinforcement of the column, then compression failure of the 

column concrete. Figs. (3.3.1, 2) also show that the average reduction 

in strain and hence the average bond stress in the 20 mm.¢ bars is not 

constant along the overall depth of the base slab (h). This confirms 

the findings 

which states 

of Mattes and Paulos (1968) and Paulos and Davis t1968) 
E 

t hat at low values of K l = ) , and in this case 
Ece 

K < 10, the bond stress tcalled shear stress in the references) is 

high at the top of the pile and low at the bottom of the pile, if we 

assume that the pile in the soil is similar to the steel bar in the 

concrete . ~he results of T1_1 and T1_2 also show that the bars un-

dergo some bending and that the load reached the lower part of the bars 

only at the final stages of the test this is what Wilkins (1951) found 

for pullout test. For more details of this point , see Chapter (7) •. 

The general shape of the graphs is the same for all specimens as 

is showp. in fig. (3.3.a) for column steel and fig. (3.3.bJ for column 
concrete. 
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COLUMN LATERAL S'l'RAIN 

Some of the graphs for column link have negative strain at the 

beginning of the test as in figs. (3.4.2, 4) and as the load increas-

ed .both strains measured on concrete and column link increased and 

their values become almost the same, then at the final stages of the 

test, the column link graph lags behind the concrete one and at fail-

ure the strain measured on the column concrete is much greater than 

that measured on the column link even for T1_6 which has a different 

mode of failure. 

The general shape of the graphs for all specimens is the same, 

see fig. (3.4.a) for strains measured on column link and fig. (3.4.b) 

for strains measured on column concrete . 

STRAIN IN BASE SLAB REINFORCEMENT 

The strains for each test are measured at the centre of the base 

slab· and 180 mm, 360 mm. from the centre at the centre line on the 

bottom face of three different 16 mm.¢ bars. 

The shape of the graphs is the same for all tests except T1_1 in 

which the strains increased as the specimen failed, see fig. (3.5.1), 
this is because it has different mode of failure. 

For T1_
5 

the strain gauges did not give consistent strain readings 

see fig. (3.5.5) and this might be due to some moisture entering the 

gauges. 

~1wo of the strain gauges for T1_4 are damaged which are one at 

the centre of the slab and 180 mm. from it. The value of the strain 

measured on the bar at the centre of the base is higher than the one 

at 180 mm. from it, and this is higher than that at 360 mm. from the 

centre. The value of the strain at the centre is about three times 

that at 360 mm. from it at failure of the specimen, this means that 

the bending moment is not constant across a section taken at the cent-
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re line of the base slab. As the value of (h) increases, the measured 

strains for each specimen decreases see fig . 3 . 5.a. 

UPWARD DEFLEC'.rIOH OF BASE SLAB AND TOTAL SHOR'l'ENING OF SPIDIMEN 

The graphs of the average upward deflection of the base slab are 

shown in fig. (3.6), the shape of these graphs is almost the same and 

at early stages of the tests the deflection increased more r apidly 

than those at the end of the tests, after the early stages of the tests 

the graphs started to curve up as the load increased. The value of de-

flection at failure is smaller for bases with larger value of (h), 

except T1_1• 

The graphs of the total shortening of the specimen are almost 

straight lines until the final stages of the tests, when the shortening 

starts to increase rapidly due to the failure of the coluum. 

As the value of (h) increased, the total shortening decreased for 

the same axial load, see fig. (3.7). 
TABLE (3.3) AND GRAPHS 

In Table (3.3) the average value of (f /f for column) for all 
C CU 

the specimens of series (1) except T1_1 is 0.814 and the average value 

of this ratio for all the experimental program is 0.797 hence the value 

of 0.80 used a~ a factor for (fcuAc) in eqn. (1). Also the maximum 

value of f 8 (av.)/fy is o. 85 in T1_6, but to make the ratio of Ptest/Pult a 1 

for T1_6 , since its column failed by yielding of the column longitudinal 

steel. A factor of (0.9) is used for (f A ) in eqn. (1). y SC 

The maximum ratio off (mas:.J/f = 0.941 from T1 6 test results. s y -
Fig. (3.10) shows that the results of T1_2 - T1-6 are reasonably near 

to a straight line whose equation is 

... -3 
0.77 + 0.55 X 10 (h) 

This line intercepts t he ordinate axis at 0 .77 and having a slope• 
.;.3 

0.55 X 10. 
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If the value of PtestfPult = 0.66 is substituted in the above 

equation, then h ~-200 mm. This means that the origin of the graph 

is shifted - 200 mm. Also if a test on a base of zero thickness were 

considered, it would take a form similar to the following i-

Column longitudina 
steel reinforcing bars 

Reinforced concrete column 

Base steel plate 

Holes for reinforcing bars 
It seems probable that failure of the concrete would not occur at 

the level of base plate, but at some distance up the column, just as 

failure of the concrete occurred at some distance up the column in the 

tests conducted. 

The reasons may be 

1. Frictional restraint at the bearing surface provides an effective 

triaxial compression which enables the concrete to carry a higher 

compressive stress at the level of the plate than it can at some 

distance up from the bearing surface. 

2. Until bond slip occurs between the bars and the concrete at the 

lower end of the column, concrete failure is unlikely to occur. 

It may, therefore, be concluded that the effective anchorage bond 

length available for transfer of load from the column longitudinal bars 

to the base concrete includes not only that length of the bars in the 

base, but also a short length of the column. The concrete in •the 

column being restrained by the base concrete as it is in the hypothet-

ical case described above. 

Hence for T1_2 - T1-6 tests the additional anchorage bond length 

is given by the above equation to be 200 mm. which is the same as the 

column .dimension or the spacing of the links. 
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The average height of the centre of the compression failure zone 

above the top surface of the base slab for T1_2 - T1_6 is (310 mm.). 

Increasing the depth (h) from 200 mm. to 400 mm. the column 

strength only increased by 11 .5% compared with equation (1). 

The other straight l ine passing through the origin and T
1
_

1 
point 

is assumed to represent punching shear since if the depth of the base 

slab is zero the value of Ptest = 0 and hence, the ratio of (Ptestl 

Pult) = O. This line is only for specimens having some quantity and 

quality of steel and concrete as T1_1• 

The punching shear line intercepts the anchorage bond failure line 

at h = 110 mm. at which punching shear and anchorage bond failures occur 

at the same time. 

Another line can be drawn through T2_1 and T3_5 for specimens with 

out steel reinforcement in the base slab rut this can only be relied up-

on if more tests are carried out to form another series. From the T2_1 
and T3_5 results, it is possible that the line for slabs without steel 

reinforcement has smaller slopes than series (1) line or parallel to it. 

Fig. (3.11) shows that the ratio of fb (av.)/f for base for S cu 
T1_2 is lower than that of T1_3 and that of T1_1 is almost the same as 

T1_1 although it failed by punching shear along the periphery of the 

colwnn. This is because the measurement of strains on T1_1 and T1_2 
column longitudinal reinforcement is done by using single electrical 

resistance strain gauge at each position whereon the rest of the tests 

two strain gauges are used at each position opposite to each other. 

After T1_3 the value of fbs(av.)/fcu of base decreases as (h) increases 

and the lowest value is that of T1_6 which is (0.15) . 

The graph of fb (max)/f for base has the same shape as the s cu 

above graph but the values are higher and the gap between the two 

results decreases as the value of (h) increases,this means that as (h) 
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increases the load on the reinforcing steel is slightly uniform. 

These two graphs show that the experimental anchorage bond stresses are 

dependent on the anchorage length which is the same finding by Wilkins 

(1951) for pull-out tests. The graph of fb (CP110)/ f is well below s cu 
the experimental graphs and the lowest point of T

1
_6 gives (1.77) x 

the value given by CP110: Part 1: 1972. This graph is almost straight 

lines except for tests with high f The graph shows that British cu. 
code gives very safe results. 

The graph of fb lACIJ / f for base is also almost straight s cu 
lines except for high f values. 'j;hls graph shows that the anchorage cu 
bond stresses given by the American code are higher than the expe~i-

mental values as in T1_5 and T1-6 and hence, gives unsafe results. 

The ratio of fc / fcu for colunm for T1_4, T1_5 and T1-6 are 

higher than those of T1_2 and T1_3_ This could be due to the increase 

in depth which gives less deformation in the column-base connection, 

and hence, stronger holding for column concrete. Also the eteel in 

these tests carries more load due to the longer anchorage length and 

hence, gives more support to the column concrete. 

1. 

PUNCHING SHEAR 

Punching shear along. the periphery of the column:- T1_1 
failed by this kind of failure at a very high shear stress com-

pared with those given by CP110: Part 1: 1972, and ACI 318 -

1971, see table below. 
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(1) (2) (3) (4) (5) (6) (7) 
T1-1 CP110 Tables 

N/~ 5 and 14 6 ACI 
N/~ N/~ 

(1)/(2) (1)/(3) 
N/~ 

(1)/(6) 

16.06 1.144 4.68 14,.04 3.43 1.a71 8.58 

This means that this kind of pimching shear failure is unlikely 

to occur except at a very high shear stress and using special loading 

arrangement. 

2. Punching shear according to CP110: Part 1: 1972 , ACI 318 - 1971 

and equation (2) :- Using the properties of T1-6 and the above 

references the required depths to resist punching shear failure 

are listed in the following table. 

(1) (2) (3) (4) (5) 

Equati on (2) Equation (3) 1,.2); ·Equation (4) (4)/ (CP 110) lACI) ( 1) mm. mm. ( 1) mm. 

364.4 670.0 1.e4 508.25 1.40 

From this table it can be seen that the British code gives larger 

depths than the American code. 

ANCHORAGE LENGTH 

Since T1_6 just did not fail by anchorage bond failure , its depth 

(h) is used as reference to compare with the required anchorage length 

calculated according to the existing codes of practice) see table below. 
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( 1) (2) l3) 1..4) (5) 

T1-6 (h) Equation (5) (2) / Equation (6 .a) (4) / 
lCP110) (1) lACI) ( 1) 

mm. mm. mm. 

400 669. 01 1.67 426.73 1.07 

From this table it can be noticed that the ratios of the anchor-

age lengths are not the same as the ratios of the anchorage bond 

stresses in ~able (3 . 3) and this is because of the different allowable 

stresses in compression for the column longitudinal steel reinforce-

ment as it is explained in the following table using T1_6 properties. 

( 1) (2) (3) (4) (5) (6) 

(1) In terms CP110 allow- (3) In terms ACI allow- (5) In terms 

414 

off y 

0. 85 f y 

able steel 
str ess2 M/ mm. 

391 .83 

2 Where f = 4a7 . 3 N/mm. y 

off y 

0.804 f y 

able steel 
stress 
N/ mm. 2 

470 

of£ y 

This table shows that the American code uses a stress which is 

higher than the average experimental one and even higher than the max-

imum stress recorded on T1_6 longitudinal column reinforcemtn which is 

f (max) = 0.941 f and the British code uses a stress lower than the s y 
average experimental stress of T1_6• 

PilliCHING StlEAR AND ANCnvHAG~ L..r.::NGT}{ 

If the specimens were loaded in a way so that punching shear 

failure and anchorage bond failure can occur, then using equation (2) 

it is found that at a depth less than 364. 4 mm. and the properties of 



54. 

series (1) punching shear failure occurs before anchorage bond f ailure 

but for depths larger than 364.4 mm. and up- to 400 mm. anchorage bond 

failure is the governing criterion and for depths greater than 400 mm. 

the specimen will fail by yielding of the column longitudinal reinforc-

ement. 

If the specimen is designed according to CP110 : Part 1: 1972, 

then it is found for the properties of T1_6 that punching shear failure 

governing the design by small difference where for the ACI 318 - 1971, 

it governs with a larger difference. 

C0HCLUSI0NS 

From the results and calculations of series (1) the followings 

are concluded. 

\ 1) Punching shear failure along the periphery of the column is un-

likely to occur, except at a very high shear stress, and under a 

special loading arrangement. 

l2J The graph of the strength of columns measured by \Ptest/Pu1tJ V. 

the overall depth of base slab (h) for specimens failed by anchor-

age bond failure can be represented by a straight line whose 

formula is -3 
\Ptest/Pu1t) = 0.55 x 10 (h) + 0.11 

for T1_2 - T1-6 properties and this shows that part of the column 

height is acting as extra anchorage length. Where for specimens 

failed by punching shear failure along the periphery of the col-

umn might be represented by a straight line passing through the 

origin whose formula is 
- 3 

( Pte st /Eu1 t ) = 7 • 38 ( h) X 10 

for specimens having the same properties as T 1-1. 

\3) ,The bending moment across the section passing through the centre 



line of the base slab is not constant, and it is higher at the 

centre than at the edges of the base slab. 

55. 

(4) The experimental average and maximum anchorage bond stresses are 

dependent on the anchorage length ( 1) tThe embedment length) . 

The anchorage bond stress is not constant along the anchorage 

length but it is high at the top and low at the bottom of the 

anchorage length ( 1 ) . 

(5) The British code gives too conservative results for punching shear 

design where the American one al so gives conservative value but 

more economical than the British one for low values of ( p) in 

base. 

(6) The American code uses higher values for allowable stresses in 

compression for the column longitudinal r einforcement than the 

experimental values where it uses unsafe anchorage bond stresses 

compared wi th the same experimental results for the type of re-

inforcement used in T1-6. 

The British code uses very conservative values of anchorage bond 

stresses and low allowable stress in compression for the column 

longi tudinal reinforcement compared with the experimental results 

of T1_6. 

(7) Anchorage bond failure for the column l ongitudinal reinforcement 

must be consider ed in designing concrete bases . 
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SWlll:lary of Concr ete Control Specimens Results . 

B . . J.-J Mix Prop. Age of f cu ft 
by w/4 concrete C . . 2 2 J.-J Weight days N/mm N/mm 

B 1-1 1:2:4 0.60 • 10 38 .94 2.88 

C 1-1 1:2: 4 0 .60 9 3a . 35 2.85 

B 1-2 1:2: 4 0 . 55 9 42 .71 3.10 

C 1-2 1 :2:4 0 . 55 8 40.6'/ 3. 00 

B 1-3 1:2: 4 0.60 8 33 . 20 2. 56 

C 1-3 1:2: 4 0 .60 1 32. 62 2.48 

B 1- 4 1:2:4 0 .60 8 33.60 2.52 

C 1-4 1 : 2:4 0 .60 1 31 .ao 2. 50 

B 1- 5 1:2:4 0 . 60 8 33 .00 2. 60 

C 1-5 1:2: 4 0.60 7 3.1 . 2!::I 2. 40 

B 1-6 1:2:4 0.60 8 34. 55 2.62 

C 1-6 1:2: 4 0 .60 7 32 . 29 2.42 

94. 

1 + 0 .05 f Ir cu cu 
2 N/nnn 2 N/wn 

2. 95 6 .240 

3 . 14 6 . 535. 

2. 66 5.762 

2 .68 5.797 

2. 85 5.745 

2.73 5.a7a 
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T. 1- j h d 
mm. mm. 

T1- 1 100 52 

T1-2 150 102 

T1-3 200 152 

T1- 4 250 202 

T1- 5 300 252 

T1-6 400 352 

Ti • -J 
r 

C 
2 J.~/mm 

T1- 1 28.78 

T1-2 32 .75 

T1- 3 25 .93 

T1 - 4 26 .09 

'l' 1-5 25 .03 

T1-6 26 . 58 

'l'ABm 3, 3 
SERIES (1) 

Summary of specimens rcoulto and cnlculntione 

Pult . Pteet Ptoat c (nv . ) f (nv.) C (L"'.ax • ) 
8 0 2 8 

KN Pult . xµ ./ mm x~ 

171a .2112e5 0 .74a 648 13, .2 600 

1790 . 1 1544 0 .663 1050 219.0 1300 

1511 . a 1330 0.880 1270 259 .0 1650 

1529 . 7 1385 0. 906 1264 298 .0 1600 

1499 . 1 1395 0.930 1520 313.8 1741 

1552.1 1550 0.999 2206 414 .0 30'/7 

r r (av.) f (ma.x.) fbs (av.) fbo(wi.x.) fbs 
..£. s s 

2 N/m.2 (c:-110) 
f f r 1'4/mm cu y Y' N/m.m 2 
for 

Column 

O. 75 0 .289 0 .357 7. 22 e .91 3.15 

0.805 0. 468 0. 578 7 .9a 9,85 3. 20 

0 .'(95 0. 585 0.'/14 6 .48 7.90 2.86 

0 .820 0 .620 0 .769 5.96 ., .40 2.88 

0.826 0 .071 0 .790 5.23 6. 16 2 .05 

0.823 0.850 0.941 5, 1d 5.'(3 2 .93 

128. 

f ("'ax. ) 
8 2 h/ t"!"I 

106 .9 

270. 5 

316 . 1 

370.0 

369 .6 

458 .6 

fba 0 .• 8.fCUAO 
(ACI) Pult . 
N/m.•n2 

5.t}-4 0.692 

6. 12 0.'(04 

5. 40 0 .669 

5.43 0 .644 

5. 3c, 0,647 

5.51 0.645 
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Continued TA.l!LR 3.3. 

Ti . fbs (av. ) fbs (max. ) fbs (CP110) fbs (ACI) fbo (av . ) fbs (av.) - J 
f for f for f cu for f for f b

3
(CP11 0, fbs (I.CI) cu cu cu 

base base base base . 
T1-1 0.185 0. 229 0 .081 0.150 2.29 1.24 

T1- 2 0.1 07 0. 231 0 .075 0.143 2.49 1.30 

T1-3 0 . 195 0. 23a 0 .086 0 . 163 2. 27 1.20 

T1-4 0.1 77 0.220 0.086 o. 162 2.07 1.10 

T1-5 0.1 59 0 .187 0 .086 0. 163 1.84 0. 97 

T1-6 0.1 50 0.166 0.085 0 . 160 1.77 0 .94 

Average value off /(f for column) for series (1) except 
C CU 

T1_1 i s o. a14. 

Average value of o. a f A /P.ult for oories (1) except 
CU C • 

T1_1 i s o.662 . 
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CJ:fAP.i'ER 4. 

SERIES ( 2) RESUL'l'S AKD CALCULATIONS 

D.~RODUCTION 

In this series there are six specimens each one of them has the 

same column dimensions and reinforcement, base later al dimensions and 

overall depth of base slab (h). The variables in this series are the 

quantity of steel reinforcement and the diameter of the bars used for 

this reinforcement. 

All specimens have 16 mm.¢ bars for base reinforcement except 

T1_5 in which 5 - 25 mm. ¢ bars used each way. 

In T2_1 the quantity of steel is zero measured by ( P) wher e it 

is0.147inT2_2 0 .294inT23 1.1'{5inT24 1.795 in T and.2 .351 , - , - , 2-5 

in T2-6. 
Details of the specimens are in figs. (2 .3, 4) chapter (2). 

CON'rROL SPECIMENS RESULTS 

4.2.1. S1rEEL 

Three control specimens are tested in tension for each specimen, 

one from the column longitudinal reinforcement, the second from the col-

umn lateral reinforcement and the third from the base reinforcement. 

The results of the above test are plotted in figs. (4.1.a ,b,c) and the 

values of (f) and (E) are listed in Table (4. 1) . y 8 

4.2.2 . CONCRETE 

The water cement ratio (w/c), mix proportion by weieht , age of 

concrete , the compresive cube strength (f0 u) for base and column con-

crete and the t ensile strength ~.t;;) for base and column concrete are 

tabulat ed in Table (4.2) for each specimen. 

From the capped cylinder result of each specimen the axial stress 

is plotted against the longitudinal strain as in figs . (4.2.1a, 2a, 3a, 



133. 

4a, 5a, 6a) for column concrete and figs. (4.2.1b, 2b, 3b, 4b , 5b, 

6b) for base concrete. From these graphs the average secant modulus 

(Ec) is calculated then the axial stress is plotted against (E) for 
C 

both colunm and base concrete, see figs. (4. 2.1c, 2c , 3c, 4c, 5c , 

6c). 

Also the axial stress is plotted against the lateral strain as 

shown in figs . (4.2 .1d, 2d, 3d, 4d, 5d, 6d) for column concrete and 

figs . (4.2.1e, 2e, 3e, 4e, 5e , 6e) for base concrete then the average 

Poisson's ratio (vc) is calculated by dividing the lateral strain on 

the longitudinal strain for each load increment and then the axial 

stress is plotted against the Poisson's ratio~ ) for both colunm. and 
C 

base concrete as shown in figs. (4.2.1f, 2f, 3f, 4f, 5f , 6f) . 

SPECIMENS HESULTS 

LONGI'[LJDINAL S'i'RAIN 

The average longitudinal strain is calculated from the results of 

the 811 Demec gauges on column concrete and from the results of the elec-

trical resistance strain gauges on column steel for each specimen, then 

the experimental axial load is plotted against the longitudinal strain 

measured on both concrete and steel as shown in figs. (4.3.1, 2, 3, 4, 

5 and 6) then the experimental axial load is plot~ed a~inst the long-

itudinal strain for all the specimens as in fig. (4.3.a) for column 

steel, and fig. (4.3.b) for column concrete . 

LA1I1ERAL STRAIN 

The experimental axial load is plotted against the average lat-

eral strain calculated from the results of the 611 Demec gauges on 

colunm concrete and from the electrical resistance strain gauges on 

column link for each specimen, see figs. (4.4.1, 2, 3, 4, 5, 6). Also 

the axial load is plotted against the lateral strain for all the 

specimens as shown in fig. (4 .4.a) for column link and fig. ~4.4.b) for 
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co1Wlll1 concrete. 

STRAIN IN BASE SLAB REINFORC~.!ENT 

The experimental axial load is plotted against the strain meas-

ur~d on the bottom face of the base lower layer reinforcement. 

For T2_1 there is no reinforcement in the base slab . For T2_2 
there is only 1-16 mm,¢ bar in the lower l ayer of base reinforcemen, 

on this bar the strain measured at the centre of the bar which is the 

centre of the base and 100 mm. on each side and their plot is shown in 

fig. (4.5.2) . 

In T2_3 there are two 16 mm.¢ bars in the lower layer of base 

reinforcement, on these bars the strain measured at the middle of each 

of them and the average of the two results is calculated since each bar 

is 225 mm. from the centre of the base slab. The plot of this strain 

is as in fig. (4.5.3.). 

In T2_4 the strains are measured at the middle ofthe 16 mm.¢ 

bars at 42 nun, 168.75 mm, 281 . 25 mm. and 393 .75 mm. from the centre 

line of the base slab and they are plotted as in fig . (4.5.4). 

T
2
_

5 
has the same spacing of bare as series (1) specimens, but 

the diameter of the bars is 25 mm. The strains are measured at the 

middle of the bars at the centre of the slab , 180 mm, and 360 mm. 

from the centre line of the base slab, and they are plotted as in fig. 

For T
2
-6 the strains are measured at the middl e of the 16 mm. 

¢ bars at 28.125 mm, 84.375 mm., 196.875 mm, 309.375 mm. and 41 2 ·5 mm. 

from the centre line of the base slab and they are plot ted as in fig . 

4 5 6) Inf . 4 5 a) the maximum longitudinal strain in the bar l .. • ig. •• 

at the centre of the base as the nearest to it is plotted against ( P ), 

also the results of series (1) are plotted on the same graph. 

DEFUX::TION OF BASE SLAB AND TOfAL SnvR'fEiilhG OF SP.-1}IME!N 
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The experimental axial load is plotted against the avera&e up-

ward deflection of the base slab at 105 mm. from f aces of column on the 

centre l ines of the base slab as shown in fig. (4.6) and also plotted 

against the total shortening of the specimen as in fig. (4.7) for all 

the specimens . 

MODE OF FAILURE 

Speci mens of this series all failed by anchorage bond failure 

between the column longitudinal reinforcement and base slab concrete. 

I n all tests the cracks first started on the bottom face of the 

base slab from the 20 mm.¢ bars and then propogated either to the in-

si de or outside direction, those to the inside met each other while the 

others travelled until they reached the outsides of the base slab, then 

they extended upward until they reached near the top face of the slab, 

except T2-6 in which the bars slipped downwards without causing a:ny 

cracks on the base slab , see fi6S• (4.8 and 4.9.6) . 
In the rest of the specimens the patterns of the cracks are sim-

i lar to each other except for the number of cracks, in T2_1, T2_2, T2_3 
and T

2
_
4 

the number of cracks increased as the quantity of steel in the 

base slab increased , see figs . (4.8 , 4.9 .1, 2, 3, 4) then in T2_5 
which has different size reinforcement, but larger quantity of steel, 

the number of cracks was even smaller than ~2_1 see figs. (4.8, 4.9.5) . 

For all the specimens as the cracks reached near the top of the 

base slab the amount of slip in the longitudinal column reinforcement 

became excessive and hence, the column concrete failed by compression. 

CALCULATIONS 

TABLE (4.3) AND GRAPHS 
Using equation (1) the theoretical ultimate axial load (Pult.) 

is calculated and the maximum experimental axial load is recorded, 

hence , the ratio of (P tes/P ult ) is found for each specimen. 

The average and maximum longitudinal strains for column reinforce-
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ment e: (av.) and e: (max ) s 8 • are recorded, then the correoponding axial 

loads on the 20 mm. ¢ bars are calculated using the reoults of the 

steel control specimens and the above strains . ~he average axial load 

taken by the reinforcement is calculated and subtracted from P and test 

the result is divided by the cross- sectional area of the column con-

crete (Ac). This gives the value (fc) then the ratio of (f /f for 
C CU 

column) is calculated. (See ex l f l l t • • 3 5 1) amp e o ca cu a ions in •.. 

The average and maximum stresses in the 20 mm. ¢ column reinforce-

ment f (av.) and f (max. ) respectively are calculated and tneir ratios s s 

to f are found. Then the average and maximum anchorage bond stresses y 
fbs (av.) and fbs (max.) respectively are calculated using the average 

and maximum stresses in the 20 mm.¢ bars. 

From CP110: Part 1: 1972 Table (22) the allowable anchorage bond 

stress corresponding to fcu for base fbs (CP110) is r ead for all 

specimens . 

Using equation (6.a) and assuming f~ = 0.8 fcu the allowable an-

chorage bond stress fbs (ACI) for the American code is found to be 

equal to (0 .9366 f J. This value is calculated for all specimens . cu 
The ratios of fbs (av.), fbs (max. ), fbs (CP11 0) and fbs (ACI) 

to f for base are calculated, also the ratios of fbs (av.) to fbs 
cu 

(CP110) and fbs (ACI) are calculated. 

All the above results and calculations are tabulated in table 

(4.3). 
The ratio of (P /P ) is plotted against the percentage of 

test ult. 
th base Slab ( p) , also the results of series steel reinforcement in e 

(1) and (3) are plotted as snown in fig . (4 .10) • 

The ratios of fbs lav.J, fbs (max.), fbs (CP110J• and fbs lACI) 

to f for base are plotted against ( P) and fbs (av . )/ fcu for base 
cu 

of series (1) and (3) are also plotted on the same graph as shown in 
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fig. (4.11). 

PUNCHfoG SHEAR 

The properties of T2-6 are used to determine the depth required 

to resist punching shear failure so t hat 1• t can be compared with the 

depth required to resist anchorage bond f ailure. 

The depth required to resist punching shear is calculated accord-

ing to the following:-

1 ) CP110: Part 1: 1972 

From t ables (5) and (14) of the above code using T2_6 properties 

V = 0.938 N/mm.2. 
C 

Hence, using equation (3) the depth required= 360.4 mm. 

2) ACI 318-1971 

f' = o.a f = 27 .39 N/mm2. 
C CU 

Hence using equation (4) the depth required~ 449 .0 mm. 

3) EQUATION (2) 

Using equation (2) the depth required a 321.7 mm. 

If punching shear failure was allowed all aeries ~2) specimens would 

have failed by punching shear. 

ANCHOtlAGE LEisG'l'H FOR LOHGITUDI1iAL COLUMi~ HEHiFORCEMEN'l' 

The anchorage length required to resist anchorage bond failure 

is calculated for T
2

_6 properties and the following :-

1) CP11U: Part 1: 1972 
2 

From table (22) the allowable anchorage bond stress• 2. 91 N/mm. 

• . and the permissible stress in the column longitudinal reinforcement 

= 464.1 X 2000 
2000 + 484.1 

ss 389. 76 N/mm
2 

• 
Hence, using equation (5) gives 

1 = 669.7 mm. 

2) ACI 318-1971 
The yield stress corresponding to 0. 35"fo strain for the 20 mm. 
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¢ bars of T2-6 • 469. 75 H/rrJ. 

Hence equation (6.a) gives the ma.xi.mum anchorage length. 

That is 1 = 429.4 mm. 

DISCUSSION OF SP~D.IE.NS RESUL'1'S Alill CALCULATIONS 

COLUMN LONGI'fUDINAL STKAIN 

The graphs for strains measured on steel and concrete at the 

beginning of each test are almost the same except for a small diff-

erence which may be due to the different methods of measurement used 

for steel and concrete. Then as the load i ncreased the steel starts 

to lose some strain which is the beginning of small slipping after 

each slip the slope of the graph reduced due to the increase of strain 

difference compared with the previous reading. This is due to the 

gripping properties of the square twisted bars . As the bars contin-

ued to slip as the load increased the steel graph lags behind the con-

crete one until failure of the column concrete in compression. In all 

the tests the slope of the steel graph r educed sharply which means the 

strain increased sharply just hefore failure of the column concr ete ex-

cept T in which the failure of the base was severe since the oracks 
2-1 

on the sides of the base slab reached the top of the base . 

The shape of these graphs is the same for all specimens , see 

fig. (4.3.a) for column steel and fig . (4. 3.b) for colwnn concrete. 

COLUMi'4 LA'rEHAL STRAIN 

T graph for column link has compressive strain at the beg-
2-4 

innjng of the test, see fig. (4.4.4) and in some of the t ests the 

strain was zero at the beginning of the test, see fig . (4.4.1, 6). 

As the load increased the strains increased and.they becoma 

almost the same until the final stages of the test where the stee~ 

graph lags behind the concrete one and at failure, the strain meas-

ured on the concrete is more than double that measured on the column 

link. 
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In some of the specimens the two graphs at the beginning of the 

test are almost the same 
' see figs. (4.4.2, 3, 5) . 'l'he difference 

between the graphs at the beginning of the tests is due to the differ-

ent me th0ds used to measure the strain on steel and concrete, also it 

is difficult to fix the strain gauges on the column link at the exact 

position, due to the geometric properties of the 6 mm. bar used. 

Apart from the above differences, the steel graphs have the 

same shape, see fig. (4.4.a). 

The concrete graphs have the same shape as shown in fig. l4•4• b). 

STRAii~ Ilf BASE SLAB REINFORCEMENT 

From the strains measured on T reinforcement, it oan be seen 2-2 
that the strain measured at the centre of the slab is greater than 

that measured at the face of the colunm which means that the bending 

moment at the centre is greater than that at the face of the column, 

and their ratio is~ 1.456. 
The rest of the graphs show that the strains measured on the bars 

near the centre of the base slab are greater than those measured on 

bars which are further away from the centre. This means that bending 

moment is not constant across the section at the centre line of the 

base slab, and confirms the finding in chapter (3) . Fig. (4.5.6) 
shows that the strains measured on bars within the boundary of the col-

umn are al.most the same. This applies for strains measured on bars 

further than 309.375 mm. away from the centre of the base slab, this 

· shows that bending moment is more uniform under the column then reduced 

as the distance increased further than its faces, then starts to level 

up as it reaches the outsides of the base on each side_ 

Fig. (4.5.5.) shows the strains measured for specimen T2_5, which 

has the same spacing of bars as series ( 1) but the diameter of bars in 

25 ~• ¢ instead of 16 mm.¢, are less than those of T1• 3 and the 

ratio of the one at the centre is more than four times than that at the 
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edge compared with more than three times in series ( 1) fig . (3 .5.3) . 
From fig. (4.5.a) it can be seen that as the value of ( P ) in-

creases by increasing (A) the strain in the base steel reduces and s 

from series (1) results the strain incr eases as ( P ) increases by red-

ucing the overall depth of the base slab (h). 

UPWAfill DEFL.'SCTIOl.J" OF BASE SLAl3 AND 'J.'01'.AL SliORTEllING OF SPECIMEN 

The graphs of the mal load against the average upward deflect-

ion of the base slab are not consistent with the value of ( p ) see fig. 

(4.6) in which the deflection of T2-6 and T are almost the same, 2-1 
and that of T2_4 is greater than that of T2_3, but in general , if the 

results of T2_4 and T2_1 are neglected, then the deflection is reduced 

as the value of ( P ) increased for the same experimental axial load. 

The shape of these graphs is the same as those of series (1), 

see fig . (3.6). 

The graphs of the axial load against the total shortening of the 

specimen are also not consistent with ( p ) values, and it can be seen 

that the s11ortening of T2_1 and T2_6 are the same , also , the specimens 

have the same shortening at the early stages of the tests, see fig. 

TABLE (4.3) AND GRAPHS 

The average value of the r ati os of (fc/fcu for column) is 0. 794 

where the average for all the experimental program is 0 .797 (except 

Fig. (4.10) shows that by increasing the value of ( p ) from zero 
2 

to o.1 47 \ie. by increasing (A
8

) from zero to ~201 mm. where tdJ is 

constant) the specimen strength increased by 5. 5% compared with equa; 

tion ( 1) and by increasing the value of ( P ) from 0.147 (A8 • 201 ~ -) 

to 2 •351 (A = 3217 ~) using bars of the same size , the column strength 
8 

5 7~ This shows that the strength increased sharply increased by only • ~• 

up till ( P ) = o.147 , then t he slope of the graph flat~en up until it 
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reaches P • 0.735 then the graph flattens further . 

If the size of the bars used in the base are increased for the 

same ( P ) , which meaus the spacing of the bars (ab) increased, the 

column strength reduced, see T on the same graph. 2-5 
If T2_5 is compar ed with T1_3 since (s

0
) i s the same and equal t o 

180 mm. but A in T2 5 i s 2.44 that of T it is found that the col -s - 1-3, 
umn strength of T2_5 is slightly less than that of T1_3_ More tests are 

needed using different bar sizes in the base to confirm T results 2-5 
which means that for the same (A) using small size bars gives better s 
results t.t1an using larger size bars . 

:By plotting the results of aeries (1) and (3) on fig . (4. 10) it 

can be seen from series (1) results that by varying the effective depth 

of the base slab (d) and keeping (A) constant , the graph i s a curve 
8 

whose 1test /\Jlt ... o. 77 at Pa and at p • 0.317, ~est /~lt. • 1. 

Hence a specimen having h = 150 mm. and A
8 

• 1005 mJ. i s the same 

as a specimen having h a 200 mm. and A • 402 mJ. as far as the column s 
strength is concerned, compared with equation (1) . See T1_2 and T2_3 
results. 

ilso series (3) results are all on the~Ptest/Pult~ axis since 
2 ~s. o. Hence, a specimen with h = 300 mm. and As• 0 mm. is t he same 

2 as a specimen with h "" 200 mm. and As "' 402 mm. as far as colwnn 

strength is concerned, compared with equation (1). 

Fig. (4 .11) shows that the graphs of fbs (av. ) and fbs (max. ) 

~ratios to (f for base) have the same shape as that of fig . (4.10) . 
cu 

The gap between these graphs reduces as the value of (p) increases, 

this means that the load is more uniform on the bars as t he value of 

( P) increases. 

r atl.·0 ~ for series (2) are well above the values given The average ., 
by 0~110: Part 1: 1972 and not that far from the values of the ACI 318 -



1971. The difference between the average ratios and the above codes 

increases as the value of (p) increases and at P = O the American 

resu.1.ts coincide with the test results. 
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The average r atios for series (1) a.nd(3) are also plotted on the 

same graph and show tnat series (3) results are well below T2_1 results 

and those of series (1) are forming a straight line except that of 

T1_2 which means that the stresses increases as (d) decreases , then 

flatten as d reduced below 152 mm. 'i'he strains measured on the 20 mm, 

¢ Bars- of T
1 

.... 
2 

by o.n:e. electrt.cal resistance strain gauge on each bar where-

on the other tests two gauges are- used , placed opposite to each other. 

Tlti:s • could account ·f_o~ the 1 .... ow values of fbs (av . ) and fbs- (max. J tn 
T1_2 test. 

The value off /f for column is higher than the average value 
C CU 

for T
2
_6• This might be due to the increase in the base strength which 

then provides stronger holding for the column concrete above the base 

slab and then compression failure only occurs at higher f values, see C 

also (3.6.5). 
PUHCHING SHEAR 

Using the properties of T2_6 the required depths to resist punch-

ing shear f ailure according to the British code , American code and eq-

uation (2) are listed in the f ollowing t able. 

(1) (2) (3) (4) (5) 

Equation (2) Equation (3) (2) / (1) Equation (4) (4/) / (1} 
(CP110) tACI) 

mm. mm. mm. 

321.7 360.4 1.12 449 .0 1.40 

'11his table shows that for l arge values of ( p ) the :British code 

1 b t han the Ameri_· can one for punching shear consid-gi ves thinners as 

eration. 
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ANCtlORAGE LEl>nTH 

For the properties of T2_6 the British code gives l • 669 .7 IIDD . 

where the American code gives 1. 429.4 mm. which shows that the 

American code gives shorter bond length than the British one, neither 

code makes any allowance for variation in slab steel when determining 

anchorage bond stress. The British code uses an allowable stress in 

the longitudinal steel of T2_6 column equal to o.805 fy where the 

American code uses 0.970 f which is higher than that obtained from y 
T1_6 test and the pilot test of chapter (7). 

4.6 .8. PUI~CHING SHEAR AND ANCHORAGE LENGTH 

If punching shear failure can occur in series (2) tests, then 

all the specimens would have failed by punching shear according to 

equation (2). 

COHCLUSIONS 

From the results and calculations of series (2) specimens the 

following are concluded:-

1 J Increasing (A) and hence ( p) increases the bond strength and 
s 

hence the colwnn strength compared with equation (1) using the 

same bar size in the base. 

2j For the same (A) using small diaw.eter bars gives higher bond 
s 

strength and hence higher column strength than using larger 

size bars. 

3) Varying the value of ( P) by varying (A8 ) gives different 

results from that by varying (d). 
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Test No . f E Dia. of 
y s bar in T. 2 2 1-j N/mm KN/mm mm . 

478 . 6 209 . 0 6 
- - -

T2-l 
484 . 1 20 3 . 3 20 

4 4 f> . 4 '"'3 i:;, i:;, 

T2-2 502.5 228 . 9 16 
467 . 4 213 . 4 20 

4A5 . 0 rir,r, n i:;, 

T2-3 495. 0 2 25 . 0 16 
460 . 0 203 .8 20 

489 . 3 200 . 0 6 

T2-4 487 . 6 204 .0 16 
IJ.77 7 ?1 II ('\('\ ')('\ 

484 . 0 212 . 5 6 

T 2-5 461 . 0 209 . 0 25 
IJ.&;Q I:. '>n7 r, ')('\ 

478 . 6 209 . 0 6 
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IJ.A4 . l ')()~ 1 ')() 

Table 4.1 
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182. 
TABLE 4-2 

SEHIES l2l 

Summary of Concrete Control Specimens Results . 

T. B. Mix prop . Age of f ft I t0 .0Sfcu i-j i-j cu 
by w/c Concrete C. 2 2 2 N/mm.2 l.-j Weight days ii/mm N/rnm ~/mm 

B2-1 1:2:4 0. 60 8 35 . 41 2.68 2.77 5. 951 
T2-1 

c2-1 1:2:4 0,60 1 32 . 30 2. 49 

B2-2 1:2:4 0.60 8 34 . 25 2.60 2.71 5.052 
T2-2 

c2-2 1:2:4 0.60 1 32.60 2.52 

B2-3 1:2:4 0.60 8 34. 41 2.66 2.72 5.866 
T2- 3 

c2-3 1:2:4 0.60 1 34 . 12 2.58 

B2-4 1:2:4 0.60 8 36 .00 2.98 2.80 6.00 

T2- 4 
c2-4 1:2:4 0.60 1 40 .00 3.04 

B2-5 1:2:4 0. 60 8 32 .70 2. 54 2.64 5.718 

T2-5 
c2- 5 1 : 2:4 0.60 1 30 . 50 2.40 

B2-6 1:2:4 0.60 8 34.13 2. 55 2 . {1 5.842 

T2-6 
c2- 6 1: 2: 4 0.60 7 25 .07 2. 21 
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TABLE 4-,l 215. 

SERIES \2l 

Summary or specimens results and calculationa . 

['. . d pult. p p 
(av. ) - (mu. ) f (t'!I\X. ) l.-J p test teat C f tav.) mm. 8 8 s 8 KN Kif ult. X U l~/mrf X U i /r:d' 

['2-1 - 0 1548.8 1239.0 o.soo 1100 223 .4 1500 305. 5 

r.112-2 152 0.14·1 1535.2 1312.5 0.855 1123 239.6 1419 302.8 

T2- 3 152 0.294 1578.0 1360.0 0.862 1235 251 . 5 1b00 317.5 

T1-3 152 0.735 1511 .o 1330.0 0.880 1270 259 .0 1650 316.1 

T2-4 152 1.175 1780.0 1580.0 0.888 1355 290 .0 1720 351.2 

T2- 5 152 1.795 1463. 9 1281.5 0.877 1305 269.0 1505 31e. 5 

r2- 6 152 2. 351 1349.5 1230.0 0.912 15ao 321 . 2 1820 361 .5 

T. . f f f {e.T) f 1_1118%) rbs{avJ rbstma.xJ fb8 tCP110J fb8 tACIJ 
l.-J C _Q._ s d 

··; 2 f fy f 2 N/mm 2 N/mm 2 1~ mm N/rnm N/wr,. cu y 
for 

Column 

'1' 24. 71 0.765 0.465 0.630 5. 59 7.62 2.97 5.57 
2-1 

' 0.648 5.99 7 . 57 2 . 91 5.48 
T2-2 26.10 o.ao1 0. 513 

T2- 3 26. 94 0.790 0. 547 0.690 6.29 7. 94 2.92 5.50 

T1~3 25.93 0.795 o.585 0.-,14 6.48 7. 90 2.86 5.40 

T2- 4 31.38 0.785 0.601 0.735 7.25 8.78 3.00 5.62 

23 .95 0.799 0.567 0.695 6.74 7.96 2.84 5.36 
['2- 5 

' 

T2- 6 21.33 0.824 o.664 0.747 8.03 9.03 2 . 91 5.47 

-



Continued .. '!'ABLE 4_3 216. 

'£. . J.- J fbs (av.) fbs (!llm<: . ) f bs (CP110) fbs (/,CI) f bs (a,, . ) f bs (ov . ) 

f cu for f cu for f cu for f cu for fbs (CP110) fbs (ACI) 
base base base base 

T2-1 0.1 58 0 .215 0 .084 0 . 157 1.882 1 .004 

T2- 2 0 . 175 0.221 0 .085 o .160 2.058 1 .093 

T2-3 0.183 0 . 231 0 .085 0 .1 60 2.154 1.144 

T1-3 0 .1 95 0. 238 0.086 0.163 2.27 1.200 

T2-4 0.201 0. 244 0.083 0.1 56 2. 300 1.290 

T2-5 0.206 0.243 0.087 0 . 164 2 .373 1.257 

T2-6 0.235 0.265 0.085 0 .1 60 2.759 1.468 

Average value for f /(r f or col umn) for series (2) i s 0 .794. 
C CU 

All base slabs are 200 mm. thick. 
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CHAl'I'Ert 5. 

SElUES 3 - RESUL'fS Ai-ID CALClJLAT 101~S 

D-lrR0DUCTI0N 

~his series consists of five specimens, all of them have no 

steel reinforcement in the base and they have the same column dimens-

ions and reinforcement. The variable in this series is the lateral 

dimensions of the base slab Ax B, in T
3
_1 they are 350 x 350 mm, 450 

x 450 mm. in '113_2 600 x 600 mm. in •r3 3 
750 x 750 mm . in T and 

' - , 3-4 
900 x 900 mm. in T3_5• The overall depth of the baso slab th) is the 

same for all the specimens and it is 300 mm. Soe figs. (2., and 2•6) 

in chapter t2) for all the details . 

C0N'l1R0L SPECD1EN'S HESULTS 

STEEL 

Two control specimens are tested for each specimen, one for the 

20 mm.¢ bar and the other for the 6 mm . ¢ bar. The results of tensile 

test on the above control specimens a.re plotted in figs. (5.1.a and bJ 

and the values of f and E are tabulated in '!'able (5.1). y s 
C0NCREl'E 

The water cement ratio (w/c), mix proportion by weight , ago of 

concrete, the compressive strength (fcu), and the tensile strength ft 

for base and column concrete are tabulated in '!'able (5.2) for each 

specimen. 

From the capped cylinders result of each specimen the axial 

stress is plotted against the longitudinal strain in figs . (5.2.1a, 

2a, 3a, 4a and 5a) for column concrete and figs. ( , .2.1b, 2b, 3b , 4b 

and 5b) for base concrete. From tnese graphs the aver~ e secant 

modulus (E ) is calculated, t11en the axial aueas is plotted against 
C 

~) for both column and ba.se concrete as in figs. (5 . 2•1c, 2c , 3c , 4c 
C -
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and 5c) . Also the axial stress is plotted aeainst th~ lateral strain 

as in figs . (5.2-1 d, 2d, 3d , 4d , and ~d) for colunn concrete and figs . 

(5 . 2 1e, 2e , 3e , 4e , and Je) for base concrete , then the aver.168 

Poisson' s ration (vc) is calculated by dividing the lateral strain on 

the longitudinal one for each load increment and then the axial stress 

is plotted against the Poi sson's ratio (v ) for both column and base 
C 

coi'lCrete in figs . (5.2 1f, 2f , 3f, 4f and 5f) . 

SPEx::D.lEi.,S RESlJL'l'S 

LOl'IGI'l'UDlNAL S'l'RAIN 

From the results of the 811 Demec gauges on column concrete and 

the r esults of the electrical resistance strain gauges on column stoel, 

the average longitudinal strains are calculated for each specimen, then 

the experimental axial load is pl otted against them as shown in figs. 

(5.3, 1, 2, 3, 4 and 5) then it is also plotted against the longitud-

inal strain for all the specimens as in fig. (5.3.a) for column stool 

and fig . (5,3 ,bJ for column concrete. 

LA'r ERAL S'l'RAI.N 

The experimental axial load is plotted against the average lat-

eral strain calculated f r om the results of the 611 Demec go.uges on 

colunm concrete and from the electrical resistance strain gauges on 

column link for each specimen as shown in figs . (5 . 4 ,1, 2, 3, 4 o.nd 5) 
and also plotted against the l ateral strain for all tho apecimons as 

in fig. (5. 4. a) for column link and fig . (5.4.b) for column concrete . 

lJEFL~'l'ION OF BASE SLAB AfiD 'l'O'l'AL SrtOR'l' <!iu., G 01'' SP:~D.W.N 

The experimental axial load is plotted against the average up-

ward deflection of tho base slab at 105 mm. from f aCPS of the column 

and on the centre lines of the base slab for o.11 the specimens except 

whose base i s not wide eno1.1&h to fix the dial gauges on. See 
'l' 3-1 
fig . (5.5). '1.'hen it is plotted against the total shortening of the 

specimen for all specimens as in fig. (5 .6). 



MODE OF FAlLURE 

All of the specimens of this series failed by anchorage bond 

failure between column longitudinal reinforcement a.nd base concrete . 

221. 

In these specimens the cracks probably firs t started on the botto~ face 

of t he base slab from the column longitudinal 20 mm.¢ ba.ro , and then 

as the l oad increased they travelled inward until they met eachothor 

within the 4- 20 mm.¢ bars and outward until they reached the sides of 

the base slab, after that they travelled upwards nearly to the top of 

the ba.se slab , except T3_1 in which the cracks reached the top. Some 

of the cracks which reached the outsides of the base started from the 

point of intersection of two cracks started from two bars . The nuJnber 

of cracks differ from specimen to specimen but the mode of failure and 

the pattern of the cracks is similar, s00 figs . (5.7 and 5.a.1 , 2 , 3, 

4, and 5). 
In all the specimens as the 20 mm. ¢ bars slipped downward, the 

base slab cracked as above and tnen the column concrete failed by 

compression. 

CALClJLA'HONS 

'.r AJ3LE ( 5 . 3) Ahl> GRAPhS 

Using equation (1) and the control specimens results, the theor-

etical ultimate axial load (Pult) is calculated for each specimen, 

also the experimental axial load (Ptest) is recorded, hence, tho ratio 

1 of (Ptest/Pult) is found. 
From the average and maximum longitudinal strains measured on 

column reinforcement ( c.
9 

(av.))and ( ts (max. )) respectively, the 

axial load on each of the 20 mm. ¢ bars is found for both c s (av.) 

and E (max.), from that the aver~ load taken by tne longitudirol 
S 

column reinforcement is found and subtracted from (Ptest) and the 

result is divided by the cross- sectional area of tho column concrete 
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(Ac) this gives the value of (f) then the ratio of (f /f of column 
C C CU 

concrete) is found. See example of calculations in (} . 5.1) . 

The average and maximum anchorage bond stresses fb
3
(av.) and 

fbs (max. ) respectively are calculated from the average and ma:ximum 

load on the 20 mm. ¢ bars, then the ratios of (fbs (av.) and fb
8

(m.,.x.)) 

to f cu of base concrete a.re calculated. 

The average and maximum stresses in the 20 mm.<; column reinforce-

ment fs(av.) and f 6 (max.) respectively are calculated from c
8 

(av. ) and 

cs (max.) and the steel control specimens results then the ratios of 

these stresses to f ya.re found . 

From CP110:Part 1:1972 Table (22) the allowable anchorage bond 

stress corresponding to f for base fb (CP110) is read for all cu S 

specimens . Then the ratios of fb (CP110) / f for base and fb (av. ) S cu S 

/ fbs (CP110) are found. 

Using equation (6 . a) and assuming f' • 0.8 f the allowable 
C CU 

anchorage bond stress fbs (ACI) for the American code is found to be 

equai to (0,9366 f ). Thia value is calculated for all specimens , cu 
then the ratios of fbs (ACI)/f for base and fb (nv.)/fh (ACr) 3re found cu s s • 

For each specimen the ratio of (0.8 fcu Ac/Pult) is calculated, 

then the average value of these ratios is found. This reprosento a 

theoretical point for the strength of the column when tho longi tudino.l 

steel carries zero load and the base area equal to the area of the 

colwnn, see also (3 .5.1). 
All the above results and calculations are tabulated in table 

The ratio of (P /Pult) is plotted age.inst the ratio of the test 
loaded area of the base to the area of the column. On the same graph 

the results of T1_5 is plotted which has a ( P ) value• 0 . 443. The 

theoretical points for series (1) and this series are a lso plotted, 
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see fig. (5.9) . The ratios of fbs tav.) , fbs tmax .), fbs (CP110) and 

rbs (ACI) to fcu for base are plotted against the ratio of the loaded 

area of the base to the area of the column. On the same graph fb
8

(av.) 

/ rcu for base from ~1_5 results is plotted, see fig. (5 .10) . 
5.5.2. POMCHIN; SHEAR 

It is known from series (1) calculations that for such depths 

as t hose of series (3) the punching shear failure always occurs before 

anchorage bond failure. Hence , i f punching shear failure is allowed aJ l 

series (3) specimens would have failed by punching shear failure . 

ANCHORAGE LENG-'l'H FOR LOKGI'l'UDl.NAL COLUMN RE1NFORCEl,'ENT 

The r equired depth of base slab to resist anchorage bond failure 

using the properties of T3_5 and the following 1-

1) CP110: Pe.rt 1: 1972 

From Table (22) the allowable anchorage bond stress 
2 • 2.94 N/mm . 

The permissible stress in the column longitudinal 
500 X 2000 reinforcement• 2000 + 500 

• 400 N/mm2• 

Hence using equation (5) gives 

1 • 680 .3 mm. 

2) ACI 318 - 1971 

5.6 .1. 

2 
f' • 0.8 f • 27 .8 N/mm • c CU 

and the yield stress corresponding to a strain of 0. 35% for 

the 20mm. ¢ bar of T3-5. 

• 490.5 N/mm. 
Hence equation (6.a) gives the maximum anchorage length, 

that is, l • 445 •1 mm. 
DISCUSSION OF SP~D.tENS RESUL'l'S AND CALCULATIONS 

COLUMN LOl~GITUDINAL s•rRAIN 

• of this series , the strain measured At failure of all specl.lDens 



ti 1 1 • d. 224 . on 1e co umn ong1tu 1nal reinforcerncnt is far less thnn that mca urcd 

on the concrete wnere at the beginning of the tests they a.re almost the 

same apart from small difference due to the two different methods used 

to measure them, and as slipping started the steel graph lags behind 

until failure of the colwnn concr ete by compression . Just before fail-

ure all steel graphs except that of T ha en t 1 
3_5 v very seeps ope , see 

figs . (5 .3.1, 2, 3, 4 and 5) . 

The shape of these graphs is the same for the strains meaaured on 

steel as in fig. (5. 3.a) and on concrete as in fig. (5 . 3. b) . 

COLlThfN LATE.'UL S'l'RAIN 

The tests of this series did not have compressive stress in the 

column link (i.e. contraction) apart from T
3
_2, see fig. (5 . 4. 2) but 

their strains both measured on column link and concr ete have the same 

value at the beginning of the test apart from the difference due to the 

methods of measurement and t he difficulty in fixing the G,-uiges on t he 

column link due to the gemometric properties of the 6 mm. ¢ bars , then 

as the load increased, the link strain starts to l ag behind that meas-

ured on the concrete until f ailure of the column concrete in compression. 

Apart from T
3
_2 at the beginning of the test otherwise all the 

specimens have the same shape of lateral strain graphs a.sin fig. 

(5.4.a) for colwnn link and the graphs of lateral strains measured on 

the concrete have the same shape, see fig. (5.4.b). 

UPWARD DEFLECTION OF BASE SLAB AM) '.l.'CYl.'AL SliORTENING UF SP~DAEN 

The graphs of average deflection of the base slab at 105 mm. from 

the faces of the column on the centre lines of the base slab, increase 

sharply at the beginning of the tests , then a.s the load increased the 

graph starts to curve upward until failure of the specimen. 

This series shows that as the l ateral dimensions of the base "slab 

the derlection decreased for the same axial load, seo fig . increased, 

(5.5). 



225 . 

The axial load is proportional to the total shortening of the 

specimen at the beginning of the teats , then as the specimen starts to 

fail, this proportionality does not hold and the total shortening in-

creases more r apidly , also this aer ies shows that the total shortening 

is less for specimens with larger lateral dimensions at the same axial 

load. See fig. (5·6). 

5.6.4. '!'ABLE (5.3) Al~D GRAPHS 

The average value of (f0 / fcu for column) for all the specimens 

of this series is o.7a3, where the average for all the experimental pro-

gram except T1_1 is 0.797. 

From fig. (5.9) the results can be represented by two straight 

lines, the first one is through T3_1, T3_2, T3_3 and T
3
_
4 

results . The 

equation of this line obtained by regression analysis is 

p -3 
teSt • 7.1 5 x 10 

pult 

aa 
( Al3 - 1 2) + 0 .753 

a1 a2 
AB - a a 

The intercept of this line when 1 2 • 0 is 0.753. 
a1 a2 

The difference between the intercept and the theoretical point of 

series (1) results• 0.753 - 0 .662 • 0. 09 and this is l ess than 0.11 

which corresponds to 200 mm. anchorage length, see fig . (3 .10). The 

corresponding anchorage length to 0.09 is 163.6 mm. 

The second line is through T3_4 and T3_5 results and it is flat-

ter t han the first one . This shows that by increasing the dimenaiona 
2 2 of the base slab from 350 x 350 mm . to 750 x 750 mm . the strength 

increased by 7. 7% compared wi tn equation ( 1) and by increasing the 
2 2 dimensions from 750 x 750 mm • to 900 x 900 mm • the strength increased 

only by 1 • 3%. 
This shows that t he effect of increasing the base lateral 

dimensions may be has no effect on the column strength after certain 

dimensions. rr it is assumed that after AB - a1 a2 reaches (30) 
a1 a2 
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which is the same value sugeested by Meyerhof (1953) , Ersoy and 

Hawkins ( 1960) for the bearing capacity of concrete , then when the base 

dimensions are 108 108 2 th x mm . e bond strength and the column strength 

become constant. In increasin8 (A) from zero to 1005 mm2• that is s 
varying ( P) from zexo to 0 . 443 the column strength increased by 7%, 
see T3_5 and T1_

5
_ 

From fig. (5.10) the graphs of fbs (av. )/ fcu for base and tbs 

(max.J / fcu for base also consisting of two straight lines , the 

second line is flatter than the first one and having the same shape as 

that of fig. (4.9) . These graphs indicate that the bond strength in-

creases as the lateral dimensions of the base increases . This has not 

been provided for in the British or American code when determining the 

anchorage bond s t r esses. 

The graph also shows that t he American code gives anchorage bond 

stresses higher even than the maximum experimental anchorage bond 

stresses where the British code gives safe anchorage bond stresses 

well below the average experimental anchorage bond stresses . 

T1_5 point shows that increasing (As) and hence ( p ) in the base 

slab inc~eases the bond strength between the column longitudinal re-

inforcement and base concrete. 

PlfoCHilG SHEAR A.HD A.J.\C.tiORAGE LENGTH 

From series (1) results and calculations , the specimens of series 

(3) would have failed by punching shear if it was allowed to take place. 

The British code gives anchorage length larger than that given by 

the American code which uses higher allowable stress in tho longitudinal 

colu.'":lll s tee 1. 

CONCLUSIONS 

From the results and calculations of series t3) specimens the 

following are concluded 1-
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1) As the l ateral dimensions of the base slab incraased the 

average bond strength between the longitudina.l column reinforce-

ment and the base slab concrete inoroe.ses. 

2) • After certain dimensions of the base slab the bond strength 

and hence the column strength graphs eta.rt to flatten which~ 

indicate that reaching some dimensions after which bond strength 

and hence column str ength becomes constant. 

More tests after T3_5 are needed to verify t his . 

3) This series also indicates t hat part of the column length is 

acting as extra anchorage length apart from the base slab depth. 

4) The use of stepped bases should be looked at very carefully 

since this reduces the confinement of the longi tudinal column 

bars and hence r educes the bond and column strength if it is not 

wide enough. 

For unreinforced bases with a column of 200 mm. square the 

width of the step should be not less than one mater. 
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TABLE 5-1 

SEROO l3) 

S'U1:ll:la.ry of steel control specimens . 

f E Dia. of bar 
Ti. N~mm2 S 2 -J KN/mm mm. 

482 .1 214. 3 6 

T3-1 
500 222 .9 20 

482 .1 214.3 6 

T3-2 
496 .82 21~.75 20 

508.5 2')7 .oo 6 
T3-3 

496 .82 219 .75 20 

50tJ . 5 257 .00 6 

T3-4 
496 .82 21~.75 20 

482 . 1 214. 3 6 

T3-5 
500 222.'.;I 20 

229 . 



28 

24 

N 20 1 

E 
16 

z 
,I\ 
on 
ti, ... 12 -on 

-0 
X 
0 8 

4 

0 2 

Fig• S. 2 • lo 

fa1lur~ slr¢ss 22 · 74 N/mmz. 

~Cz f QI lur<Z Slr<ZSS = 21 · 65 N/mm2. 

4 6 8 10 12 14 
long1tud ina I strain x 

Axial str~ss v long1tud1nal stra1n m<Zasur~d on cylind~r!> for column concr(lt<Z 
by electr,cal res,st anc< st rain gauges 

"-) 



28 

24 

201 
N I E 
E -z 16 

"' "' bl 

"' 12 -0 
)( 
0 

8 

4 

0 2 

Fig. 5 .2 • I b 

C 2 fairure stress = 25 • 95 N/mmz. 

/_ ____ c, fo1lur<t str<tss = 20·05 N/mmZ 

4 6 8 10 12 14 16 18 
longitudinal strain x ,,µ 

Axial stress v longitudrnal strain measured on cylinders for base concret~ 
by electrical resistance strain gouges 

, , 
"" 



24 

20 

N 

E 16 
E -z 

"' 12 .... _. 
t/1 

0 

8 

4 

0 

F19. 5 2. le 

4 

concr¢l¢ 

column concr¢l~ 

8 12 16 20 24 28 32 
E ckN/ mmz. 

Axial stress v modulus of elast1c1ty for column concr¢l~ and for bas¢ concrcl~ 



28 

24! 

20 

t-1 
E 16 
E -z 
1/1 
1/1 

12 _. 
on 

0 
X 
0 8 

4 

0 

Cz failure stress • 21 • 65 N/mm 2 

C 1 failure stress=- 22·74 N/mmi. 

40 80 120 160 200 240 2J0 3 20 
lotera I strain x )L 

Fig . 5 • 2 • Id. Axial stress v. lot~rol strain measured on cyltnders for column concret~ 
by electr1col resistance strain gaug~s 



C\I 
E 
E -z 
II) 
\I) 

tll .... 
,..J 
II) 

0 
X 
0 

28 

24 

2 0 1 

16 

12 

8 

4 

0 

Fig. 5 .2 • I e. 

40 80 

Ax 10 I stress 
by electr 1col 

failure stress = 25 · 93 N/mmz 

C, fa i lure stre ss s 20· 05 N /mm z 

120 160 

v. lateral strain 
resistance strain 

- ------

200 240 280 
lateral strain x /--'-

measured on cyl,nd~rs for bo5¢ concret~ 
gauges . .... 



'" ..,__ 

.. 

24 

20 

N 16)-E 
E -z .,. 

12 t/'I 

'---t/'I 
-0 8 ·-X 
0 

4 

0 002 

Fig. 5 . 2. If. 

base concrete 

,J column concrete 

-04 -06 0 -8 ·10 ·12 ·14 ·16 • 18 ·20 
Poisson's rat io ye 

Axial st~ss v. Po·1s5on·s ratio )Jc for column conc --(Zte and base conc~t(Z. 

·22 

1h) 
''-" VI 



24 C 2 fo1lur¢ stress =- 22· 57 N/ mmt 

201 - ""-.::.... 

N 
I / 

C 1 failure stress :. 19 • 91 N/ mm2 

E 16 E -z 
.n 
.n 
t,I (2 
'--.n 

-0 ·-)( 
0 8 

4 

0 200 400 600 800 1000 1200 140 1600 

Fig. 5.2 2a. 

longitudinal strain x p,. 

Axial stress v. longitudinal strain measured on C/linders for column 
concrete by electr, ca I resistance stro·1n gauges "' 



24 

20 

1\1 
E 
E 16 -z 
,n 
,n 

12 -"' 
0 

-~ 8 

4 

.. 

0 

Fig . 5. 2 2b. 

c1 failure stress =- 23·87 N/mmZ. 

Cz failure stress 17·99 N/mml 

200 400 600 800 1000 1200 1400 
longitudinal strain x JJ.. 

Axial stress v. longitudinal strain measured on cylinders for base concr<?te 
by electrical resistance stra·,n gauges 



24 

201 

t\l 16 E 
E -z I .,. 12 \II 
t.l 
'--.,. 
-0 6 
X 
0 

4 . 

0 

Fig· 5. 2 . 2 C 

bas¢ concrete 

column concrete -

4 8 12 16 20 24 28 32 36 4 0 
Ee kN /mm2. 

Axial stress v. Modulus of efasticity for column concreuz aid for bas¢ concret¢ 
,N 
\A 
O') 



J 

24 C2 fa'ilure stress = 22 • 57 N /mm2 

20 

N 16 
E I // C 1 failure stress =- 19 · 91 N/mm2 E -z 

12 
"' "' t)I 
'-

"' 
.Q 8 
X 
0 

4 

-~ --0 40 80 120 160 200 240 280 320 360 
lat~ral strain X Jl Fig. 5 2. 2d. Axial stress V. laterial strain ~a sured on cyl ind¢rs for column concr~t¢ 

by <Z"lectr1ca I resistance strain t"s gouges. 
' · 



<V 

E 
E -

24 

20i 

Z 16 
II) 
II) 
C)I 
'-

0 
)( 
0 

12 

8 

4 

0 

Fig. 5. 2. 2 e 

-

40 BO 

Axial stress 
concrete by 

C1 failure stress • 23 • 87 N/mm 2 

C 2 failure str<Zss ; 17· 99 N/mm2 

120 160 20 0 240 280 
lot~a I strain x y. 

"' ratczrol strain for base 
.... v. measured on cylind~rs 0 

electrical resis tance strain gauge-s 



24 

20' i 
column concrete 

"' 16 I E 
E -z 

121- bas<Z concret<Z 
I.. -,JI 

-0 
8 -X 

0 

4 

0---------------------------------------L---...._---'---
0 ·02 ·04 -06 ·08 ·10 • 12 ·14 · I 6 ·18 ·20 -22 

Po1ssons ratio v c 

Fig . 5. 2. 2f Axial stress v. Poisson's rat io i>c for column concrete and base concrel¢ 

·24 

t.) .... 



24 

E 
20

r 
E -Z 16 

"' \I\ 
ta, 
I.. ... 
"' I 2 -0 
)( 
0 

8 

4 

0 200 

Fig . 5. 2 . 3o. 

.. 

Ci fo1lur¢ slr¢ss = 24. 44 N/mm 

'( 
C 1 fo1lunz str¢ss = 22 • 06 N/mm 

400 600 800 1000 1200 1400 1600 1800 
longitudinal strain x p. 

Axial stress v. longitudinal strain m~asured on cylinders for column concret~ 
by electr1col resistance s1ro1n gauges 

PJ 
:i. 
:..., 



24 

201 

I 
~J 16 E 
E -z 

"' 12 "' t» 
'-... "' 
-0 8 ·-X 
0 

4 

0 200 

Fig . 5 . 2 3b. 

C 1 f91lure str¢ss ... 24 - 27 N/mmz. 

" :: 2 2. 29 N/mm2. C z. failure str¢ss , 

400 600 800 1000 1200 1400 1600 1800 2000 
longitudinal strain x J,1 

Axial stress v. longitudinal strain m~asured on cylinders for base concrete 
by electrica l resistance strain gouges t-.) .. 

"" 



24 

20 

t\l e 
E 16 - I z 
\I\ 
\I\ 

12 -II\ -0 
X 
0 

8 

4 

0 4 

Fig . 5. 2 . • 3c. 

column concr~t~ ~\ base concrttttt 

If 

8 12 16 20 24 28 32 36 
Ee kN/mm2. 

Axial str(tss v . Modulus of (t Jost1c1 ty for column concrttt<? and 
for base concr<?t(t N 

,,h, ... 



24 

201 

II.I 
E 
E 16 -z 

Ill 
ti, 12 
L.. -Ill 
-0 
)( 

0 8 

4 

0 

Fig. 5.2 • 3d. 

c 1 fo1lur\=~ 

40 80 120 160 200 

22·06 N/mma 

C2 failure stress= 24-44 N /mm' 

240 280 
lot~rol strain 

320 
X }'--

Axial stress '/. lateral s train m~osur~d on cylinders for column concret~ 
by ~lectr1col resistance strain gauges .r.. 



I 

24 

201 
C\J 

E 
E 
- 16 z 

"' "' 
'- 12 
"' -0 
X 
0 

8 

4 

0 

Fi g . 5. 2 . 3~ . 

c, 

C2 failure 

40 80 120 160 200 

Axial stress v. lat~ral strain m~asur-~d 
electrical res,stonc~ strain goug~s. 

stress T 24. 27 N/mm2. 

slr~ss = 22 · 29 N/mm2 

240 2 80 320 
lo t~ro I strain x µ 

on cylind~rs for basq concr¢l¢ by N :, 



:c 

24 

20] 

"' E 
E z 16 t- bas¢ conc r¢t¢ ¢ f column concr~t¢ 

t/i 
t/1 
t), 
L. _, 12 .,, 
-0 
>< 
0 

8 

4 

-- - - - --- ~----

0 0 -02 -04 ·06 • 08 • 10 • 12 • 14 • 16 -18 • 20 
Poissor?s ratio -Jc 

' Fig. 5. 2 3 f Axial str~ss v Poisson s ratio vc for column concrqte and bas¢ concrete 

~ 



24 

20r 

N ' 
E 

16 E -z 

"' "' 12 t, ... ... "' -0 -X 
0 8 

4 I • 

0 

Fig. S. 2 .4o. 

200 400 

Axial str<rss 
concrete by 

c, stress = 23 • 76 N /mm2 

/ C z. ta, lure str~ss = 23 · 76 N /mmz. 

600 800 1000 1200 1400 
longitudinal stro·,n 

v. longi t udina I strain m<rasur<?d on cylind~rs for column 
e lectricol r~s1stance strain gauqes 

,a 



24 

201 

N 16 E 
E -z 
.n 12 .n 
t,/ 
L. -"' -0 
>< 8 
0 

4 

0 200 

Fig . 5. 2. 4b. • 

c 1 foilur~ str~ss :. 26· 81 N/mm' 

Cz. fo1lunz str<tss =- 27· 27 N /mm2. 

400 600 800 1000 1200 1400 1600 1800 2000 
longitudinal strain x p. 

Axial stress v. longitudino I strain measured on cylinders for bas~ concr~t~ 
by ~l~ctr1col r~s1stonce strain gaug-zs ,c 



24 

20 

N 
E 16 E -z 
t/1 .,, 

12 ... 
t/1 

-0 
X 
0 8 

4 

0 

Fig. 5. 2 . 4c. 

\ concr~t<Z 

4 8 12 16 20 24 28 32 36 
Ee kN /mm 2 

Axial str~ss v Modulus of elasticity for column concrete and for bos<Z concrct~. 
,.., 



24 Cz. failure stress : 23 ·76 N/mm2. 

"' 20 c 1 failure stress = 23·76 N /mm2 

N 
E 
E - 16 z 

"' t/1 

.... - 12 t/1 

-0 .-
X 
0 

8 

4 

0 40 80 120 160 200 240 280 
lateral strain x }J 

Fig. 5.2 . 4d . Axial stress V I aterol strain measured on cylinders for column concrete 
by <lectrical resistance strain gauges ,, 

"'"' 



c" 
E 
E -z 
1/1 
1/1 
ti, ,._ -.n 

-0 
>< 
0 

.. Cz. failure stress = 27·27 N/mm2 

24 

c, stress -= 2 6 • 8 I N / m m2 

20 

16 

12 

8 

4 

0 40 80 120 160 200 240 280 320 360 400 
lateral strain x µ. 

Fig. 5. 2 4e Axial stress v. lateral strain moosured on cylind~rs for bas¢ conc"zt<? by 
electrical resistance strain gouges. t,,) 

\.n 
h) 



24 

20L base concrczt~ 
N 
E I / L E column concr~t~ -z 161 .,, .,, 
t:I 
L -.,, 12 
-0 
)( 

0 

B 

4 

0 0 -02 ·04 ·06 ·08 ·10 ·12 ·14 ·16 ·18 ·20 · 22 · 24 
Poisson~ ratio 'YC 

Fig. S. 2 4f Axial str~ss v. Poisson's rotI0 vc tor column concret c and bas¢ concr¢t~ 



241 

20J 

<\I 
E 
E 

16 

"' "' 
L. - 12 "' -0 
X 
0 

8 

4 

0 

Fig . S. 2. So . 

C 1 failure stress= 28 ·74 N/mm2. 

/ ""' 

f 
cl failure stress = 27-1 N/mm2 

200 400 600 800 1000 1200 1400 1600 
longiludina I strain x }'-

A.x ia I stress v. longitudinal strain measured on cylind<?rs for column concrete 
by electrical resistance strain gouges 

N ..,. 



.. 

24 

20 

N 161 E 
E -z 
"' "' 12 
L. .... "' -Q 8 

4 

0 

Fig. 5. 2. Sb. 

C 2 failur<z stress :. 27 38 N/mm2 

C, failure stress = 26·93 N/mmi 

200 400 600 800 1000 1200 1400 
longitud inaf strain x JJ. 

Axial stress v. longitudinal strain m<:asured on \.'Ylinders for base concr~te 
by electrica I resistance strain gauges . 



.. 

24 

201 

"' E 
E 16 -z 
t/'I 

"' t)J 
L. 12 ... 
t/'I 

-0 
X 
0 8 

4 

6 

Fig. 5.2. Sc . 

concr~t~ 

4 8 12 16 20 24 28 32 36 40 
Ee kN/mmz 

Axial str~ss v. modulus of elasticity for column concr~l~ and for bas~ concrete 
"' VI C · 



C1 failure stress = 28 · 74 N/mmi 

24 ' C 2 failunz stress = 27· I N/mm2 

2 01 

t\J 

E 
16 

E -z 
o/1 
"' 12 
I.. -o/1 

-0 
)( 8 
0 

4 

V: I I I I I I I I ' 0 40 ~o 120 160 200 240 280 320 360 
lateral strain x }1- N 

VI 
stra:n m~asured on cylind~rs .... Fig . 5.2. Sd. Ax:al str~ss v. lateral for column concret~ 

by electrical resrstanc~ strain gau9¢s 



24 

20 

16 
N 
E 
E -z 
II\ 

12 
II) 
t,I 
'-
Ill 

-0 8 
>< 
0 

Fig. 5. 2. 5 

Ca failure stress = 27·38 N / mmz. 

' C1 failure stress = 26· 93 N /m m2 

8 120 160 00 240 280 320 
lateral strain x J1 

Axial stress v. lateral strain measur~d on cylind¢rs for bas¢ concret 
el ectr,cal resistance strain gauq~ s 

by 

0 



24 

20 

N 
E 
E 16 -z 
11'1 
11'1 

12 _, 
11'1 

0 
)( 

0 8 

4 

o ·-~-002 

Fig. 52.Sf. 

... 

bas~ concrete 

column concrete 

0·06 0·IO 0·14 0-18 0 · 22 
. ' Po,ssons rot,o vc 

h) 

Axial str<ss v. Poissons ratio \1 c for column conc~t< and bas~ cone r~l< 



260. 

TABLE 5-: 

SERIES 3 

Summary of concrete control specimen results. 

T i_..,.j 
B .. Mi X Prop Age of f ft 1+0.05 f n--1- J by w/c concrete cu cu ,· cu 
C. We ight days N/mm2 N/mm2 N/rrrn 2 N/mm2 1- J 

B 3-1 I :2: 4 0. 60 8 33. 24 2. 70 2.66 5. 765 
T3-I 

c3-:1 1: 2:4 0 .60 7 31 .67 2. 42 

83-<2 I: 2: 4 0 .60 8 30. 36 2. 50 2. 52 5.510 
T3-2 

c3 ... 2 I : 2: 4 0.60 7 29. 82 2.48 

83~ I: 2: 4 0 .60 8 30. 24 2. 36 2. 51 5. 500 

T3- 3 
c3-::3 I : 2: 4 0.60 7 30. 12 2. 37 

B I : 2:4 0 .60 8 34 . 12 2.60 2.71 5. 841 

T3- 4 
3.,,4 

c3.._,1 I :2 :4 0.60 7 31 . 56 2. 40 

T3-5 

B 3.._5 I: 2: 4 0.60 8 34.75 2. 78 2. 74 5,895 

C 3-5 1:2: 4 0. 60 7 36, 12 2. 88 
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Swnma.ry of series t3) pee 

Ti . -J h a1 a2 p 
ult . pt t 

mm . a1a2 

T3-1 300 2.063 1547 .24 1192 .5 o. 3 1 

T3-2 300 4.063 1486 . 37 11b0 . o. 2 
, 

T3-3 300 8.000 1495 .6 1211.3 0.810 o. 24 1030 

'1'3-4 300 13.063 1540 . 3 1305.0 0.647 o. 35 11 '(0 57 . 1 

'l' 3-5 300 19.250 1685 .2 o. 4 11 2 3. 

T. £ a ~max ) f ~max) f fc 
J.-j s c2 f-fo ·; 2 X\J .N mm /mm cu 

Co ur.<ll 

T3-1 11 40 254 .1 23 .5, u.744 0.44 . 5 3. 2 

'1'3-2 1100 241.7 23 .06 0 .773 3. 53 2.1 

T3-3 1150 252.7 23 .92 0 .794 ,.n 2.71 

T3-4 1450 31 2 .1 25 .34 0 .803 o.516 o. 8 .2 

T3-5 1440 321.0 28 .92 0 .8 1 0. 526 o. 2 4.3 

fbs (max) fb. ( 1.v) 
'l'i-j 1 for 

2 
cu 

N mm bas 

rl',-1 4.24 0.112 0. 128 o.o.e6 0 . 1 2 1 .300 o. 

' T3-2 4.03 0.11 6 0. 133 0.090 0. 17 • o. 

T3-3 4. 21 0.1 29 0. 139 0.09 o. 7 1.) 

T 5.20 0.1 26 0. 153 o.oa 0 . 1 1. 47 o. 
· 3-4 

T3-5 5. 35 0.126 0.15 o. . 15 • 0.1 

Average value of fc/fcu for co 

Ave+age value of o.a r 
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to co lculoted ultimate ox10 I load for column us·ing 
eqn (1) (Pu it) v. ratio of lood~ area of bo~<:! to 
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, bond str<Zsszs at foi lurq of column (fb!> (av) and fbs (mo x) 

r<Zsp<Zcf1v<?ly)
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fo~ (ACI) and fbs (CPI 10) _to lh~ cub<? 
!>lr<Zngth(fcu) for base coocrq\<.' v. th:? ro\10 of lh<Z 

· load.zd ar~o of th<Z bas<Z to area of column. 



'i'iiEOlr::'l'ICAL AP.t>'ROACii TO C U.CULA' 'E 

R::::LJ<O.iC,:,..D COi,CR1-~l'E COJ.UUNS 

ntrH.ODUCTION 

In other parts of this thesis tho effect of vo.rious p:i.r 

on the transfer of load from column to bnse by bond a.ro con:3id red 

using the usual two part addition fornuln for colw:m otronct}l \OOO 

equation (1) chapter 1) . 

It may be considered however, that the two part addition fomuU\ 

is over-simple and that tho containment effect provided by tho bnoo 

and the stirrups enable the core of the reinforced concrete column 

to transfer load at a hi5hcr stress than thnt uouc.lly conoidorod . In 

most of the references in chapter (1) nnd CP110:Po.rt 111972, on o.dd-

ition formula is used to calculate tho ultimnto axial lond r.hich hno 

the following general form:-

and 

o.G·r 
In the developed CP110:Pa.rt 1 :1972 tho vo.luo of e • 

m 

Ct 
• 2000 . Since tho valuoo of r1 ond !cu a.ro 

2uUO Ym + fy 
kno\m from the control opccimens then Y m • 1, honco 6 • 0 .67 ond (I 

= 2000 . By subs ti tu tins foi· a and 6 in tho nbov forr:nil ond cnl-
2000 +fy 

culati1.1.g P for specimen t 1BJ of Pi'iotor ond l' ttock 1965), ci no 
ult t1), t3), t5) of Son.,~rvillc and Teylor (1972) o.nd o c n ,-6 of thio 

reaecrch procrx-.. "lc , tho r ... tio of Pto0 /Pult . io found t bu t d 

below. 

Pfister "nd I''l.ttoc': 1q6~ 
Sommerville and 
Taylor l 1972) 

Hesearch Proc;:ram •.r,-6 
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The above table show3 that the developed Bri tioh code !omul 

havinc y m = 1 gives low value of the ulitintc o.xicl. 

T1_6 but fits very well witil others result . r: T p / inc 1-o toot Pult 

r atio is 16 . ~: hit;her than the othen and that io r.hy hich r vnlu 8 

of a and e are used in equation (1). 

The increase in strengtn must be due to tho be.cc c!!cct on the 

column strength, 

Since the experimental proe;r~J!l opocir.cn cives higher otronsth 

than that calculated usin& the two parts addition fomula 'I.UlOd by 

many researchers and the code of pr actice in currant use , thcreforo , 

the ultimate axial strength for short colw:ms t'TUGt be con,iderod. 

All the above addition formulae treat the colur.in concrete oa ono 

section, but in reality tne concrete ooction consists of core concrcto 

which is confined by the reinforcing caeo and tho cover con~rote . 

King (1949) shorred on small scale teats thnt by lncronoing tho 

core area. using t he same concrete and longitud:i.n..'\l rcin!orooMnt , tho 

column strength increa.sed \7hich supports tho idea of dividir1$ tho col-

umn section into the follo,1ing :-

1 _ Longitudinal steel ,1hose cross- section:11 o.roa. • A00 

2 _ core concrete w11ose cross- sectional o.roo. • Acoro 

3 - Cover concrete ,1hose cross- sectional area • Ac - Acoro • Acov r • 

6 . 2 . A.c;SUJ1PJ.1IOi:iS AJ.\1) FOHHULAE 

To calculate the ultioote a.xio.l load ueina tho non oppro h or 

dividing the column section, tho followil\ii nao\lt'lptions o.ro czi.do :-

•rhe lonsitudinal steel is W1confinod o.nd tho otrooo in it io 
1) 

2) 

f ,av . ) from tests see Table~ (3 . 3, 4,} nnd 5,3) or ford 0 1.Bn 
s 

use 0,9 

The 

f whore full bond is nttainod. 
y 

cover concrete is unconfined and itn otrooo (!2) nt failure 

is tne sane 3.5 the average otross in the capped cylinilcro for 

the same lon&i tudJ nal strain ( c 1) . 



3) The core concrete is i p~t nlly confined by th c 

colw:in reinforcement in the lnternl direction. 

the lonsitudinal strain ( c,) io the otratn 

or et l 

For th tcoto 

urod on tho 

faces of the colur.m by tho 811 De mcc enueco • Tho l t rnl otro.in 

( E: ) s is the str ain mcaoured on the column lin.~o by the loo-

trical r esistance strain causes . 

'l'herefore ' usillG the ascumption of (3) tho stroos in th 

(f1) can be found by solving the follo-;,:inc equntions 

core 

E 
C 

E: 
1 

.. f1 - 2 \I 
C r3 and 

E E: .. r3 - \I (f1 + !3) 
C 3 C 

where f3 is the l ater 2.l stress e.ctins on the core concrete 

\I 
C 

is the poisson' s ratio 

E is the secant modulus of elasticity. 
C 

hence 

f1 (1- v )+ 
E 

= E: 1 2 \) t3 
C .. .... (7) 

C C c> (1-2v)l1 +\I 
C 

1,'lhere E: 

3 
has negative value ,1hen subatitutod in equation l7) oinoo th 

core is expandi~ in the l o.tern.l direction. 

Therefore , the ultimate a.x.ial load (P1) can bo cnlculntod from 

P1 .. f1 Acore + f2 Acover + fa (nv.) Aoc ·················<8) 

The usual addition formula is also uood in tho follo~ins !om for 

comparision with equation (8) results . 
A + 0 .8 f A .....•... ..• .• ••••••••• •• • • l9) 

SC CU C 

6.3. POI5S01~ •s HA'iIO ( "c) AND s::x;AriD }'ODIJLUS OF EL ~'ICI'l'Y lEc) FOR 

COLIB'.N CO -.ClU'rF! 

Plovmo.n l 1963) sho,1ed that the Poisson's ratio l. "c> ia indopond-

ent of mix proportions , atrcngtn, nee o.nd hunidity or curina ond o.t tho 

ultimate stress level there io a high rate of croop hich a-u:oo the 

slope of the chord of the atr cso- stroin curve nt high rot ooco n 



2 9. 

function of speed at i~;1ich the tent 10 conduc d. d \ "c) 

and tEc) at stress levol va.r.ri~ fro::1 zoro to r
0
u/

3
. /amm nnd Vl 

t 1960) showed that the value of ( v c) ~oa.ins acnsi bly cona it up to 

a stress of about 6c,;' of the ul tir:nte streoo thnn incrensoo oicnifiennt-

ly • 'l'his sharp incrc~se in ( v 0) ia due to tho forcntion of lnreo 

cracks or fissures ~hich cause diletion of concrete . 

lience the value of the Poisson's ratio t v c> io road from fica . 

(3 . 2.1r, 2r, 3f, 4f, 5f, 6f, 4.2.1f, 2r , 3r , 4f, 5r , 6r, 5.2 .1r, 2r, ,r, 
4f and 5f) for series (1), (2) and (3) spccimonn rospoctivoly . 

The above graphs showed that the value of the Poioson'o r tio 

( V ) 
C 

increases significantly after a stress of about 0 .6 r . cu The 

average value of ( v0) at this level of streos for nll the opocimnno is 

(0.161) where at 0. 55 fcu stress level it is (0 .153) and (0.148) nt 

0.50 f stress level. 'l'his shows that the value of ( v ) do not 
CU C 

va:ry significantly belov, o.6 f stress lovol. Sinco the vo.luo of t v ) 0 

is independent of strength and age tnerefore, the nvornoo volu nt 0.6 

fcu stress level for all the exporirnento.l progrM is u:JOd in cquntion 

\7) calculations . At the same stress level of 0 .6 fcu tho vo.luo of \I\) 

is read from figs . \3 .2.1c, 2c , 3c, 4c, 5c , 6c, 4.2.1c, 2c , ~. 4c, 5c, 

6c , 5.2. 1c, 2c , 3c , 4c and 5c) , for series t1J, \2) and (3) opocimona 

respectively-. 
1'he value of \E) for each specimen is used in cquntion \7) 

C 

6.4. 

calculations. see Table (6 . 1) for those values. 

Alill c 3 
vALui:'S FrlO?: TESTS 

f . (341 2 34 5 t> 441 2, "' , 4, 5, 6,5.4.1, From 1.gs . . • , , , , , , • • , ,.1 

2, 3, 4 and 5) of series ~1), (2) :m.d {3) rcspoctivoly, it can bo 

seen that after an axial load of about 0 .9 Ptest tne lnt ral otrain 

d n tne. f"ces of the colw:m by tile 611 l)CDCC 6(l\16CD .i;ncrt'lM B measure o ... 
formation of crncl:s and then fo.iluro will rapidly indicating the 
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follow shortly. nence to avoid tne exccooivo crack.inc t abo 

strains are read at 0.9 Ptest rucinl lo~d !ro:i tho obov ticuro tor 

(c 3) and from figs . t3.3. 1 , 2 3 4 5 6 2 , , , , , 4 . .,.1, 2, , , 4,5,6, 

, .3.1, 2, 3, 4, and 5J for ( c1) and c
8

(ev.). 

where 

'J.'he strains ( c 1) and ( l 
3
) are used in equ tion (7) calculntiona 

( c
9

(av)) is used to calcul~te (f
8

(nv. )) then oubotitutcd in cq-

uation (8). There is no relation between ( c3) and ( c 1) or c 
8

( v . ) 

see ~able (6.2). 

CALCl.iLA111IOHS 

Substituting the average value of ( v 
0

) • 0 .161 , tho corrocponding 

(Ec) value, ( c1) and ( c3) in equation (7) gives tho vnluo of tho etrcco 

in the core (r1) for each specimen. 

The stress in the cover (f2) is calculated from tho coop ibility 

conditions using ( c 1) values and figs . t3.2.1a, 2a, 3a, 4n, 5a, ua, 

4.2.1a, 2a, 3a, 4a, 5a, 6a, 5.2.1 a , 2a, 3a, 4a and 5a) . 
For all columns the valuoo of A • 125'( mm

2
, A • 18343 M

2 
so coro 

2 and A • 20400 mm . cover 
nence substituting in equation (8) for t 1, f2, t 0 tnv.), A00 , 

Acore and A gives P values and then P1 / Pt t io calculot d tor cover 1 oo 

each specimen. 

The ratios off and r tor for column o.ro onloulotod nll 
1' 2 cu 

the above r esults are tabulated in r.1.
1nblo (6.2) . The v luo of P2 ond 

/ 
calculated and tabulated in tnble (6 .3) . In P2 cal-

then P2 Ptest are 
r (a ... ) is taken at foiluro of the column. 

culations the stress 8 •• 

6 .6 . DISCUSSION p 
From t able (6.2) the oversee val~~ of ....1--

ptoet 
io 0 . 971 and tho 

coefficient of variation is • 9f, cooparod with tho avcroeo valu or 
· t of variation is 2.1; for P /ptea• tro:a 

1•004 and the coefficien 2' 

t able. l 6 .3) • 



This shows that the ddi 1 29 • a ton formula. (9) givoo more occurate 

estimate for the ultimate axial load than equo.tion l8) . To ti.Jlate 

the ultimate axial load , .. ,.. US.u"v equation (8) , the valu a of v c 
£ and ( ) c, 1, 

3 £ s av• or f
7 

are needed to be known. Thia m nna that Ort:/ 

error in these values leads to an error in the ultimate axial loa4. 

Using the addition formula (9) to estimate the nxinl lo d onl7 

f cu and £ 
8 

tav •) or fy values are needed, henco leoo vnri blea on4 

l ess error in estimating the axial load than that or oqu tion (8) . 

Equation (8) can be written in the followins form in terms or t cu 
and f (av.) or r i-s Y' 

P3 • l B 1 Acore + 6 2 Acover) fcu + fs(av . ) Aao 

From t able (6 . 2) the values of B 1 and B 2 nro taken aa tho nvorogo 

values_ of r1 / fcu and r2 / fcu resp~ctively, hence rcwritil'18 the 

above equation gives 

P
3 

= (0.91 Acore + 0.75 Acover) rcu + ! 8 (0.v. ) A80 ••• ••• •••• t10) 

where f (av.) is the stress in tho steel o.t fnilure of tho column. 
s 

Equation (10) treats the column concrete section ao in equo.tion (8) 

but it i s in the same form of equation (9) o.nd hav1J'18 tho oomo numbor 

of variables . It gives accurate eotimat value of tno ultinnto o.xi l 

l oad and t he average value of P3 / Ptest is 1.029 o.nd the cooffioi nt 

of w .riation is 'i!'jo. 
Equation (1 0) fits very well with the test renulto of thin 

experimental program but to use it in design more tooto oro noodod in 

which the column section is varied keeping the cover o.nd apo.cins of 

links within the nominal requirements of the British Code honoe the 

r atio of the core area to cover area varies. 

6.7. CONCLUSIONS 
From Tables (6.1 ) , (6 . 2) and (6.3) the !ollowinS o.re ooncludo4 1 

1) Equations(8) and (10) agree very well with the teot rosulta . 

This shows that the core concrete cn.rrios more lond than the 



2) 

cover concrete for the s cro - c io 1 

load from the column co concr 

slab at a higher stress th".ll th t 

Equation (10) c?n be used toe ti 

i 

short columns provided that they h v 

in this experimental pro OJ11, but for di 

the addition formula in the form of equ ion (1) 

where full bond stre th is attained. 

In both equations f (av.)• 0,9 f. a y 
3) The average Poisson's ratio of the concr t u din 

imental program is found to be 0.161 and th co ici o 

variation is 11% at a stress lovel of 0.6 fcu. 



. 1) 

SUJlll"lary of lE ) "'nd \ v ) 
C C 

... lu s t .6 r 
specimens. 

fcu o.6r T. for colu.-:m J.-j cu 
··; 2 ··; 2 r mm l mm 

T1-1 3a.35 23 .01 

T1-2 40.67 24.40 

T 1-3 32.62 19.57 

T1-4 31.ao 19.0d 

T1-5 31.28 18.'({ 

T1-6 32.29 19, 3'/ 

·r2-1 32.:50 19,38 

'r2-2 32.60 19.56 

T2-3 34.12 20.47 

T2-4 40.00 24 .00 

T2-5 30.50 18.30 

T2-6 25.a7 15.52 

T3-1 31.67 19.00 

T3-2 29 .82 17.89 

r1' 30.12 18.07 
3-3 

T3-4 31.56 18.94 

T3-5 36.12 21 .67 

The avera.ee calue of v for all th C 

Coefficient of variation is 11~~ 

cu 

C \I C 

/rrrm2 

22 .70 0.1 67 

23 .09 0.1 38 

' 
25 .42 0 , 136 

27 .65 0 .1 63 

113.05 0 .1 56 

24 . 52 0.210 

10.70 0.132 

23 . 56 0. 1 ., 1 

24 . 51 0 .1 59 

22.'{5 0.160 

24.40 0.1'(0 

15.37 0.154 

21 . 50 0.178 

24 .01 b.149 

24.82 1J .15} 

2 .28 0.174 

25.5( • 16 

ns•0.161 

. 



Summary of equation U) c:ilcul tio fo 11 

T .. p 0 •9 Pteot t (:•v .) £ !2 l.-J test 1 - 1 
lG1 Kr x~ x1, X Ii/ 2 I 2 

T1-1 1205 .0 11 5·1 .o 20 1010 140 2; .13 2; .00 

T1-2 1544 .0 13'.;10 .0 
. 
580 12 0 2:;10 28:;6 2·, .10 

T1-3 1330.0 11 9'1 .o 880 1240 32v 30 . 20 2;. 

1' 1385 . 0 1247.0 ~40 1 :> 0 520 ; .;2 2 .46 
1-4 

T1-5 1395 .0 1256 .0 1010 1440 200 .2; 22 . 57 

T1-6 1550 .0 1395 .0 13~0 1430 360 3; .74 2b . 3 

T2-1 123:,.0 1115.0 960 15ov ;90 28 . 51 21.39 

T2-2 1312.5 11 tl1 .o 8t>O 1170 27\J .n 22 .52 

'l' 2-3 1360.0 1224.0 690 11 50 240 ::! /. ,4 25 . ;o 

T2-4 15bO .(.) 1422.0 1090 no ;,o 3 . 41 ;2 . 50 

T2-5 1281.5 1153.0 1040 1240 320 2~ .05 25 .33 

T2-6 1230.0 1107 .o 11 9 1650 23 25 . s~ 1 .1 6 

T3-1 11~2.5 10·13 .o 1voo 1060 3 u 21. 1; 21 ,00 

'll 1160 .o 1044.0 800 1300 340 2 . 2 21.20 
3-2 

'l' 1211.3 1090 .0 9t,0 1320 '20 32 . b 22.~ 
3-3 

T3-4 1305.0 1175 .o 1000 11 40 340 2b .1 2 23 .50 

'1'3_5 1451.0 1306 .0 1040 12,0 320 ;o .6 27 . 2 

. 



continued ••.• .2} 

Summary of equation (7) calculatio 

T . . f A f f (av) p1 IP1 l.-J 1 core 2 cover SC 1 2 - -
Kr Ki test C C 

T1-1 424.3 469 .2 162.6 105 .1 0.822 o. 03 ,o. 

T1-2 527.5 552.a 152 .1 1232.4 . 7,S 0.101 o. 

T1-3 555.1 46~ . 5 225 . 5 1265 .7 0 .9,2 0 .928 o. 30 

T1-4 702.9 601.0 278 .5 1502 .o 1 .1 3 1.205 0.926 

T1-5 401.2 460.4 264 .0 1206.4 u. 65 o. 39 0 .122 

T 618.9 545.3 356 . I 1520 .3 0.901 1.045 o. 28 
1-6 

T2-1 523.0 436.4 204 . , 1163 .0 o.93~ 0 .8 3 o. o2 

T2-2 491.1 459.4 230 .7 1181.2 u.900 o. 21 u. ~1 

T2-3 507.1 516. 1 22d.O 1251.2 .920 0 .810 0. t\2 

T2-4 722.9 663.0 293 .2 1679 .1 1.o63 0.985 o. 1 

T2-5 532.9 516.7 2'(0. 1320.2 1.u3u u.953 u. 3 

T2-6 469.3 370.5 304.1 1143. 0.930 

T3-1 3a7.6 428.4 280.2 10 6.2 o. 1 

T3-2 54ti.9 432 .5 243.1 12 4.5 1.0 

T3-3 595 .1 407.2 270.7 133 .9 1 • 1 

T3-4 479.1 479.4 2'(6 .2 1234. 7 '0 .9 

T3-5 562.0 569.6 291 .4 14 3.0 o. 

Average value of P1 /P test• 0. 97 , Coefficic t of 
Average value of 1 /f cu= 0.91 , Coef ici nt of' 
Averae;e value of f ,j f cu • 0 . 75, Coef fici nt of 
T 1 _ 1 results are not included in c cul tJ. t 
since the column did not fail. 

1 

o.~ 0.102 

o. '( o.66; 

1 .o 3 10. 711 

1 . 10 .7 O 

o. 28 o.7 5 

J . ,2 0.773 

ion 1 



Summary of equations (9) an ( 10) c lcul io fo 1 

Ti . f (av) A O.Bf A p2 i.. o. 1f 0. ( -J S SC CU C cu C 3 liJ--
KN Pt ot co r 

}uf . 
T1-1 169.9 1188 .6 13,tl . 5 1.057 64 .1 5 6.8 13 .o 1 • ., 
T1-2 275.3 1260 .5 1535 .e 0 .9;1, ,e .9 22 .3 1 '/ .~ 1.021 

T1-3 325.6 1011.0 1330 .6 1.005 ,44 . 5 49 . 1 13 9.2 1 . 2.9 

T1-4 374.6 905 .6 1360 .2 0,9tj2 530 .a 48 . 5 1391.9 1 . 

T1-5 394.5 969.5 1364.0 0.9,a 522 .1 478 , 13 , . 2 1.000 

T1-6 520.4 1000.a 1521 . 2 0.982 539 .0 494 , 1553 .4 1 . 2 

T2-1 280.8 1001.1 1281.~ 1.u3, 539 .2 4:,4 .2 1314 . 2 1 • 1 

T2-2 301.2 101 0.4 1311.6 U,999 544 .2 4 8.0 1344 .2 1 . 24 

rr2-3 316 .1 1057 . 5 1373 .6 1.010 5b9 . , ,22 .0 1 7.& 1.035 

T2-4 364.5 1239.a 1604. 3 1.015 667 .7 612 .0 1 .2 1 . 41 

T2-5 33s.1 945.3 1203 . 4 1.002 ,09 .1 466 . l 1314 . 1 .0 6 

T2-6 403.7 801.8 120, .5 0.9tl0 431.8 3 5.0 1231 . ; 1 . 1 

T3-1 280.2 981.6 1261 . 8 1.058 528 . 404 .6 12 3. 1 . 5 

T3-2 266.6 924 .3 1190 .~ 1.027 497 .a ,6 .2 2·0. 1.0 ?. 

'1'3-3 2a4.5 933 .6 121 . 1 1.0 5 2.8 o. , . h .O O 

T3-4 323.2 978 .2 1301 .3 U,997 2 .a 2. . 1. 21 

T3-5 330.6 111 9.5 145 . 1 O.;J9 0 2.9 ,2 . 11. • 1 I ,0 
: 

The average value of P2/Pt sL • 1. ic n ° 
The average vulue of r3/ Ptes • 1,02 Coe fici n of 
T result was not i ncluded in aver.'.36i he 

1-1 
column did not fail, 
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AXIAL LOAD 'l'rtEAi,SFEREi,CE :BE'1'7rEr!., CO!~MSSIO.c Si'E:.""'L HE 

COHCRETE 

IN'i'RODUCTIOii 

In all current codes of practice and tho cnlculntions which havo 

been done to calculate the anchoraae bond stresses for spooiJ:IOru, ot 

ser ies (1) , (2) and (3), the first assumption is tnnt tho o.ncnoro.go 

bond stress is constant along the anchor388 length (l) . 

From the literature review on the work which is relative to thi• 

topic, it can be suggested that tno above assumption io not the oo.se, 

and hence , an experimental program is needed to verify tha.t tho n.xial 

load distribution along the anchorage length is not linonr. 

Due to the limit of time only one pilot toet is cnrried out 

using the same type of rin!orcement, concrete mix and concroto mntoriale 

as those used in the previous specimens of series (1), (2) ond (~). 

LITERATUftE REVIEW 

•rhere is a lot of work done on pull out teot to find the avorD.89 

anchorage bond stress between concrete and tenoile otoel rein.forcom nt 

using different types of reinforcement and concrete Md m:llV other 

factors but Wilkins (1951) reported his work on the lond diotribution 

in bond teats . He also carried a pull out ~est uoins n bricht drnwn 

steel tube reinforcement of 1" external dio.rnotor and hnvins oc.ooth, 

fine knurl, ::i.nd heavy knurl external surface and or.ibodnont lonsth 

in a 6" diameter concrete cylinder of 16", 12" and S" , ruso havo a 

very uniform dimensions along their length. 

The 16" length is done for tho omooth surfnce only where nn 

extra test is done for the 811 length on G. 11
.rii-'Bond" pnttorn. 

Electrical resistance strain gauecs are fixP-d on tho inside 

Of the 
steel tube and their reading3 nre recordocl ot eaeh 

surf.ace 
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load increment until anchorage bond failure between the tube an4 tho 

concrete. 

lie indicated that bond may be caw;ed by adheoion, :triction and 

mechanical wedging. 

There is a definite length of bar which dcvelopo rcoiotance to 

withdrawal from the concrete, and added length of cmbedm nt prov idea 

little extra resistance . The average bond stress is dependent on the 

l ength of embedment. nond r eaiotance is first developed nt tho load-

ed end, and part of the tube may be free from load in the oorly 

stages of the test. The maximum bond stress moves towards tho troo 

end as load increases and first slip at the free end is observed when 

the bond stress at that end reaches its limiting value. For a smooth 

surface at failure, the part of the tube near the pull-out end hna 

zero anchorage bond stress and at the free end tne stress is n m::i.ximwl 

where as for a heavy knurl surface high bond etreoooa nro aloo develop-

ed at the pull out end by mechanical wed.81.ng and thooe may cnuoo frMt-

ure of the concrete cylinder. 

Wilkins also did some preliminary teats with blnck tubi"8, which 

had the type of surface corrospondin6 to normal reinforcomont steel , 

and they gave very erratic r esults and that we.a duo to tho vo.riable 

dimensions of the tube itself. 

Using a tube does not have the erune rolntive deformation 

characteristics as a solid bar and it is very difficult to fix tho 

gauges on the inside surface specially for small din.meter bnro in 

which drilling a hole becomes even more difficult , but in thie cothod, 

the outside surface is kept free from any water proofing mterial 

which could affect the surface properties of the reinforcement. 

The author could not find on:y work done on loo.cl transference 

t - -~ reinforcing steel bar in compression apart 
between concre e a 
fro~ the t heoretical work done by J.!attee and .Poulos (1968) on the 



analysis of set~lement of oi le co pr 8 ib p· 

they use linear elastic tneory to analy e 

floating pile of circular cros -o ction n i 

'l'his work has some relation to tn bov 

since their analysis is only for circular or cy in ic l il, 

can only apply to plain bars. 

In their work the compatibility condition rrust 

the pile and the soil that is, if at top p ts oft 

reach their top value, this analysis can only hold fort r to 

pile and only vertical displacement was conoid red. 

~he vertical displacement of the ooil due to th tr 

l the pile ~same as anchorage bond stress bet on roinforci 

and concrete) may be obtained by double inte tion of 

ation for vertical displacement and the pile w divid 

in u-

n l 

elements. 
'J.'he influence of the compressibility of t pil on o tr 

along it is examined. 1.1.1he compressibility of th pil K 1 

E for pile X 
4 Area of pile chi 

E for soil n lexternal diameter of pile)2 

in concrete E 'l'hoy found th t fo 
forcing bar s • 

Ece 

K that is, K 50 and 1 .. 25 for soilo Foiooon' s 
T 

shear stress distribution is high at th 

bottom end where is for K • 5v00 tho she 

with high concentration near tne botto. 

by Paulos and Davis ~1968) for inco pr ibl 

soils Poisson's ratio of 0 .5 but for T 20 

a,t both ends and low at the middle P t oft 

So the calculations for compre oibl 

i 

pil • 

for r 

V or 



does not agree '1ith the pull out tests by Wilkinn (1951) tor cooth 

surface circular tubes but for a heavy knurl circu tub thoro ie 

a stress concentration at the pull out end eo well duo to chMicnl 

wedging action which is not included in the nbovo thoorcticnl ruulyeia . 

Since the values for K USiJlG series (1) . (?.) and (3) epooitlons 

results are< 10 nnd T 20 therefore an experimental prosrM io 

needed to see how the anchorage bond streaoos betl'loen tho otcol bar 

incompression and concrete are d.iotributed alone tho nnchoroao lonath 

and whether they follow the pile analysis or not or oro they liko tho 

pull out tests . 

PILOT Sl:'ECD.IE1-I DESIG1~ AND PREPARATI O, 

Since there could be many factors affectins the onchor bond 

stresses along the anchor age length such na the K value. l • opncing 
T 

of the bars and whether these streoses roached their ultimate vnluo nt 

any part of the anchorage length or not etc . end since only ono pilot 

test is going to be performed . the specimen is chosen oo thnt it hna 

four reinforcing 20 mm. ¢ squo.re twisted ll.T. oteol b~o ~hich ho.vo tho 

same spacing as those used as loJ16itudinnl colu.'!Ul roinforcor:10nt for 

series (1), (2) and (3) specimens . The anchorne;o loncth l • 300 m . oo 

that 1 = 15 and both oituntions when tne o.nchor350 bond otrooooo 
¢ 

reached its ultimate value or not can be observed oinco it io known 

from T and series (3) specimens th.at nnchorneo bond failure covorruJ 
1-5 

for this anchora.c,"'8 length. Also it is knor.n thn.t tho onxir:ruJ:l o.xi l 

load which is taken by the column steel of 111

3_3 which ha.c tho oor.:"' b:u30 

dimensions as this pilot specirr.on is 2H4 .~ 10,. ~he topo of the four 

bars are vrelded to a 200 x 200 m:,. oqunre by 20 mm. thick otcol plnto 

() () • but in this ticc th~ baro as in series (1) , 2 and } specimens, 

also welded with the bottom of tho pla.tc a.11 o.round . 

are 

At the bottom of the a 22 ru:t . :quru.-c by 20 c:::. hiGh holco 

l~ft under them by inscrtinc wooden blocko of the onno di nniontJ 



before castinc;. Th d ese uoo en blocks o.ro recovcd uith tho wood n 

mould so that slippi~ of the ho.rs can t-'1.8 =- place w1 thout nny ond 

ing. From the ori5inal 20 rn.~. squ.:i.rc tTrioted rt .Tot ol b 

control specimen of 450 tlr.l . lons is prepo.rod. 

301. 

Electrical resistance strain Bauces of 5 m. loncth, 2.04 snuse 
factor and 120 Ohm gaua-e resiatance are fixed on the b o in tho ,ray 

stated in chapter (2). 

The water proof material used to protect tho go.ueos in th 

specimen is hi. co8.t G which is 10{ft~ solids polyaulfidc/opoxy compound. 

The positions of the gauges are as in fig . ( 7 . 1) and thoy nro in ptdro 

a,t each position placed one opposite to the other. 

'.l'\vo of these gauges are fixed above tno concrete lovol to noaouro 

the axial load on each bar. 

the concrete mix is 1:2:4 by ueight a.nd ~/c • o.G o.nd two 

batches are enough for the specir.1en, five 150 mm. cuboo ond four 150 x 

300 mm. cylinders. 'fhe spcr.imcn and concrete control opoci.nono cMtod. 

and cured in the same way as thooo of series (1) , (2) ond (3) , 

The steel and concrete control spocirnons are tooted in tho oo::le 

way stated in chapter (2) . 
The test of specimen and its concrete control opccimcns are 

tested after eight days of c3stine. 
•rhe total settlement of the bottom fncc of the steel plnto io 

measured by a dial gauge reading to the neareo-c 0.01 mn. lhio dinl 

gauge is fixed to tne top beam of the te3ti116 rig ond hence it lso 

includes in its readings the deflection of the tooting rig duo to the 

•rhe measurement of tne settlement co.n be nloo WJed to 
l oad applied. 
know when the bars will slip, tnroueh the concrete . For pooi tion or 

the dial gauge see fig . (7.1 ) . 



co1~'TROL SP.mll:B!'iS RESULTS Ai.D CALCULATIONS 

From the steel control specimen results a srnph o! o.x1. 1 atreaa 

V • 

2 

longitudinal strain is plotted from which E
6 

io fowid to bo 2(1/ 'YJl/ 
mm. and ry • 461 . 8 N/rnrri2see fig. '{ . 2. 

From the concrete control speci~en r esulto tho nvor v lue or 

fcu is calculated to bee u 1 t 31 05 ~1; 2 q a. o . ,, nnn . fro::i tho cub o rcoul to , 

rt is calculated from the uncapped cylinders r aults nnd it io qual 

to 2.50 N/mm~ , and from the capped cylinders rooulto o.xio.l. otrcoo ia 

plotted against the lorl6itudinal o.nd lateral strains ooo fi50 . l7•> ,b) 

respectively, from these two graphs another two nr! plotted which o.ro 

axial stress V. E and v see figs . (7 .3.c and d) roopoctivoly. E 
C C CO 

is calculated from the initial tancent of fig. t7 .3.n) and it ia 

equal to 24 .20 'JGJ/mm2• 

'fSS'l'Ii-!G, J.:ODB OF F .. ILUR.".: ,HESUlll'S, AlID CALCUL ',TIO 1S FOR 'l'tt."'": nrm 
SPECIJ.!EN 

The spocimen is set in tho teotinc rig ao ~hown in fie. (7 .4.n). 
The compuloe data loe&--er is prograrimed to print tho otrnino inthe 

steel bars automatically from the electrical rosioto.nco otroJ.n G(lU o 

at each l oad increment. The load increased in 1OKN. incroClOnto until 

failure. 'J.'he readill6 of tho dial caU&OS is recorded c.t co.ch loo.cl in-

crement. 
The mode of f ailure of t11e specimen io ao ohown in fil; . (7 .4.b) 

which shows the four 20 mm. ¢ bars slipped throusn tho concroto nn4 

some cracks started from the bars to tho outoido !nee of tho concroto 

block. The total axial load on the 4- 20 mm. ~ bars is plott d QGninnt 

the dial gauge reading as shown in fig. (7.5) . Froa zero lo to ;o 
KN. the graph is a straight l ine , then after that tho baro otnrt d.to 

slip. since most of the previous spccicens the nvcrnGO olip or the 

bars was about 3mm. after failure of tho column3, then by drawing a 

line ·parallel to the first straight pa.rt of tho c;rnph ot; co. on the 



dial cauge axis it cuts the graph at n total ox.foll d .,. o o. bout 1~ 

Krl • After a load of 240 Kli the bars slipped ouddonly bout 4 ' t n 

they erip a{;ain and tne b crapn ecomes o. str:i.iant lino nc-un until 

load of 400 Kii . then it sto.rt3 to curve n" h b ... t o aro boc;in to y.t 14, 

and then they yielded n. t a load of 52, Kt? . At n lo d or 19 5 1· 1 • ffl\ich 

corresponds to 3mm. slip fbs (nv.) • 2 . 591"/r:,:l , rbsl v.) /!cu• 0.085 

and at a l oad of 240 IG.i 'l'Thich corresponds to n slip creator than 3 m . 

fbs (av.)= 3.1 9 ~/rnm.2 , fbs (av . ) /fcu. 0 . 103. 

Also at yielding failure of tho pilot specimen tho nvornoo otroea 

in the 20 mm. ¢ bars .. 417 . 7 1i/rnm.2 much is 0 . 905 r y. 

'1.'he dial gauge readings include the deflection of the tootitl8 rig. 

DISCliSSIOi~ OF 'l'nE PILO'l' SP'X:D'.1':!i; RL~UL'l'S 

At an average total slip of about ;.oo mm. for T3_3 column lono-

i tudinal reinforcement , the total load carded by tho colunn ato l • 

284 . 5 lGi. where for the same amount of slip tne loo.a cnrriod by the 

pilot specimen bars is 195 Kli. '!'he dif feronce bet,,con tho two londa • 

89.5 Kli,which is equivalent to an flnchoraeo lenatn • 138 m . 'J:hio 

confirms th.at parts of the column length is actil16 ns an oxtrn c.nchoroge 

length. Where if the failure load is taken to be 240 Kti. then tho wr-
erence is 44.5 KN which is equivalent to 57 mm. oxtrn o.nchor loll8th• 

From the yielding failure of the bars i~ cn.n bo soon th~t tho J:l3XimWI 

stress in these ba.1.·s is 0 . 905 f which ago.in juatify tho WJO or 0 .9 y 

as a factor for f in equation ( 1). y 
•.rhe bars after slipping took more thn.n double the olippi.ns !o.11-

ure load and this was due to the geometric propcrtioo of tho oqun.ro 

twisted steel bars which when slip miep1t co.uso sorie int rlockina or tho 

aggregate and hence pr event the bars from slippit16 01ty' turthnr . 

• • Orl AXIAL LOAD ALOi£r 'i'lil~ Ai~nOri.AG~ 



IN1.1RODUCTI01'i 

Inspection of ?.~ttes and Paulos (1968) ti(;. (2) o.n4 J>nuloa o.nd 

Davis (1 968) , fig. (5) shows two sorta of curve. 

1) For an elastic pile having 1/r/, • 25 and K < 50, cnximwn ehoar 

stress (anchorage bond str ess) occurs at the top or tho pile 

and minimwn s11ear stress at the bottom. 

2) For a rigid pile having small 1/¢ value , maximum ohoo.r strosa 

occurs at top and bottom with a minir.rum in t11e middle . 

Both curves are complex and cannot be formulated inn eicplo w y 

for design use. liowever, if it could be shown tu.at a parnboln or a 

cubic curve plus a constant would be sufficiently accurate , this could 

be more easily handled. 

Further inspection of the test results ond ~1_6 rooulto wcro usod 

to calculate the basic values required for each or the nbovo oimple 

curves. 'l'hen U£ti.ng the upper part of the curves r or shallower bru,oa , 

it was possible to show that the po.rnbola gave reasonable v~luoo. 

ASSUUPTIOi~S AND FOHJ.illLAE 

Assume that the anchorage bond stress has oithor of the followins 

two distributions along the anchorage length, but in both cnooa the 

anchorage bond stress atiained a maxir.rum valuer (max. ) nnd dooo not 

exceed it for specimens £ailed by ancnora60 bond fniluro and h.o.vin8 the 

same base slab properties, apart from the depth variation. Sinco 

T
1
-6 just f ailed by yielding of the column loncitudino.l b31'8 , ito rooulte 

are used to calculate the unknowns required to solvo tho a.oounod curves 

and then used as refer ence for the rest of series (1) speci.J:lens . 

DIS111tlibU'1'10i'4 01~E 1) 
The anchorage bond stress has a maximum ·1nlue f (max.) nt t.bo top 

of the anchoraee length (11-6) and at the bottom end its value ii 

(K
1
-6.) see fig . (7 .6) • 
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xi • -J 

The anchorage bond stress (f) is given by 

r = K1-6 + xi-j 

where X. . is either 
l.-J 

i) 

x. j J..-

2 
"" al 

...., 
I .... 

. 
• • 

at 1 - 11_6, xi-j • x1_6 (max.) 
X. . X1-6 (max.) l 2 • ...... • •••••••••••••••• • ••• • .\ 11 

J.-J = \11-6) 2 

The origin from which (1) is meas di t n 

anchorage length (11-6). 

bo or 



Therefore, for an anchorage length 1. l • l -6 - l and .1-j ' 1 i-j 

X i-j .. 
(l1-6 - 1i-j)

2 
X ( ) - 1-6 max. • • • • • • • • • ••••••••••••••••• • (11a) 

(11-6)2 

For T1-6 the average theoretic~l anchorage bond stress is civen 
x1-6 (max.) 

fbs (theory)• K1-6 + ____ ..........•.••• .••••••••• •• t11b) 

3 

r110 find the fbs (theory) for an anchorage length 11_j the ohnded o.rea 

of fig. l 7 .6) is subtracted from the \thole area under the curve 

Xi-j = X1-6 (max) 12 from l. Oto l • 11-6 and then the result is 

(11-6)2 

divided by li-j and added to K1-6. 

Hence for an anchorage length 11_j• 

fb
8

(theory) a K
1
_
6 

+ Fi-j x1-6(max) ...••••••••••••••••••••••••••• ~11o) 

where 
l 1-6 

Fi-j = 
3 li-j 

ii) 

X • a. 13 
i-j 

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

at l = 11-6 Xi-j • X1-6(ma.x) 
• • • • .. •.......•.••••••••••••••• \ 12) • • x x,-6lmax.) 1 3 

i-j = 3 
<11-6) 

is measured is taken e.tJ tho bottom of tho 
The origin from which ll) 

anchorage length 11_6. 
1 th 1 l • 11-6 - li~ and 

Therefore, for an anchorage en5 i-j' 

x. . = 1.-J 

, ) · ···············\12&) X1-6 \m,a.x:. • • • •. • • • •• • •• • 



)07. 

For T1-6 the avern.ge theoretical anchoraco bond etreoo ia iv n by 

x1-6 \max) 
+ 4 

• ••••• • • • • • • • • • • • • • • • • • •• -l 12b) 

To find the fbs\theory) for an anchorage length l tho ohadod •-.. 1-j ...... v .. 

race rom tho whole area undor the cu.rvo ot eq-of fig . (7 .6) is subt t d f 

uation \12) from 1 • 0 to 1 • 11-6 .md then the result ia divided by 

li-j and added to K1-6. 

Hence, for an ancnorage length 1 1-j 

1 i-j 1-6 . ......•• ••• •••• • •• ••• •••• \ 120) rbs \theory)• K -6 + F x (max) 

where 

F 11-6 
i-j -

4 li-j 

2) DIS'ftlIHU'i'IOii 'l'WO 

The anchorage bond stress distribution hn3 tho maximum vnluo ! 

l max. ) at the t,10 ends of tho anchoraee length 11-6 o.nd i tn v aluo t 

the middle of 11-6 is K1-6 . 
'this leads to the arunc formulae of ( 1) but li-j • l 1_i2 o.nd tho 

origin from which 1 is measured is taken to boat 11-6/2 . 

From aeries \1) results and tho pilot teat it io conoludod th t 

part of the col'l.lT.ln is acting as on extra c.nchorneo length. 

Hence for 7 .7.1 ,1) and \2) tho o.nchorncc loncth io 

1 .. = Overall depth of the base slab \hi-j) 
1.-J 

or 

1. j • h. j + ~o mm. 
1.- l.-

since series (1) results give \200 rnm. ) extra nnohorQS'O lcncth 
· t ) t h r"'"" lc .. ...+h but th ot.rc•• 

and pilot specimen gives ,138 CJM . ex ra one o '-'U- uc,.v , 



measured at (90 llt:'l . ) ~bove the top surface or tho b , ao this 

must be used as an extra anchor.iec lcn..,rth for thcoo c lcu tionn , an4 

it is assumed to be the same ao incre~oinr; the dopth or 

by (90 mm. ). 

C.'\LCULATIOi.iS 

b o ol b 

To calculate the averaee anchor:iee bond otrooo fro~ tho nbov 

forrm1lae , the value of K1_6 :md x1-6 (n:i.x.) are noodod to bo kncnm, 

and to find them the average exporiocntal onchoraeo bond strooo or 

T1-6 is used to find x1-6 (max. ) in terms of K1-6, then e.osucins n 

value of K1_6 to calculate x1-6tmax.) froo equations t11a.) and t12n) 

so that it gives the best fit with tho other oxpcrirncntnl rooulto 

using equations (11c, 11d, 12c, o.nd 12d) and the f vnluoo or tho cu 
base concrete and tnis is obtained by trial and error, ooe exonplo 

below. 

For 7 .7 .2.(2) using 1i-j and 1
1-0 

2 2 
instead of li-j and 11-6 rospoct-

ively in 7.7 . 2. (1) formule.e , it Biveo exactly tho aWllO rooulte or 

7.7 .2.(1 ) . 
After calculating the aver.e,go theoretical nnchoro.eo bond otrcoo fbo 

(theory) , the ratio (R) of the oxporimcnta.l resulto fbn(nv.) to tbs 

(theory) is calculated then divided by fcu o.nd rF;_u to ooc how tho 

results are vary best with rcu or by compo.rins tho coofficionto 

of variation which are tho smallest valuos aivon by tho o.ooun d v luoo 

of K1_b. 
'l'he best results of the above ca.lcula.tionn nro t bulntod M 

follows :-

For 7 .7.2.(1-i, 1-ii) 

For 7.7.2.(1-i, 1-ii) 

and 1. . 
l.-J 

and l. j l.-

Example of calculations:-

Table. 7 .1 • ( 1) :-

• h in table 7,1 . 
i - j 

• h. + 90 mm. in table 7,2 . 
1-j 



From ~1_6 results, equation (11) cives 

x1 6 (m:ix) 
5. 18 = K1-6 + - 3 

Assume K1-6 .. 3. 5 }l/mm2 

2 'l'hen x1_6 tmax.) • 5.04 1~/mm and 

ftmax . ) = a.54 N/mrn.2 • 

Then from equation l11d) the v~luea of Fi-j is cnlculnt d for oll the 

specimens , then this is used to find F .. x1 6t1113X) ond then froo 1.-J -

e~uation (11c) the value fbs(theory) is obtained a.nd thon tho vnluo 

of R is calculated where H • fb (av.)/fb (theory) . 'l'hon R/f nnd S 8 cu 
R/ re are calculated . 'J.'he average value of R/f , R/ /?- nnd CU CU OU 

the coefficients of varbtion are calculated . 'l'hen tho voluo of 

K
1
_
6 

is reduced or increased until the smallest vo.luo of tho ooort-

icient of variation io obtained. 

Table 7.1 ~2) :-

From T1-6 results , equation (12) gives 

+ 

2 Assume K1-6 • 3.75 N/mm then 

x (max) • 5. 72 N/mm2 and 
1-6 

2 
f(max) 9.47 N/mm . 
Then the calculations continued as for Table 7.1 (1), but uoinc eq-

uations(12c and 12d). 

•fable 7.2 (1) and (2) s-
t hio t able are the so.me no in ~'able "{ • 1 ( 1) onl1 

'rhe calculations of 

(2) except for li- j • hi-j + ~O mm. 

DISCUSSION 

summary of the ~ables . 



l . 

' TAliLE 7 .1 l1) ,7.1 l2) 7 .2 l 1) ·1 .2 l2) 

Average R/f cu 0.029 I 0.029 0 .029 0 .028 

Coefficient of 
3-65~ variation 4.15' 5-~ 6. ~ 

Average iy 

/rcu 
0.170 0 .170 0.1"/0 0.169 

Coefficient of 
3-~ 3.1% variation 1.~ ,.~ 

All the tables eive an average value of R/ f • 0.029 and R/r;--cu cu 
= 0.170 except table 7 .2 (2). 

From the coefficient of variation it con bo ooon thnt the 

results are best related to~ and using 1. • h + 90 mm. givoa cu l.-j i-j 

better r esults than usinz 1. • h. and finally usi"~ par bolic dio-i -j l.-j • .., 

tribution of 7.7.2(1-i) is better than using a cubic one 

.lience, 

R = 0.17 and the results of 111

1-6 for 11--c • 490 mm. co.n bo uood 

to determine the average anchorage bond stress , but oinco thorc io not 

enough information on the extra anchorage leJl6th from tho column lonath 

a part of series (1) and the pilot tests therefore, rnoro tooto nod-

ed before it can be used in do3ii:;n calculations, but tho nbovo rooulto 

can be used to calculate the anc1lOrQ6e length o.nd then U!Jitl8 it M th 

depth of the base slab , for tnc same type of column reinforce nt, aunt 

of As and base lateral dimensions . 

1) 

2) 

CONCLUSI01~S 
From the pilot tests and ~

3
_3 it is also concluded that pa.rt or th 

column length is acting as an extra ancnoraso length nnd it ia 

• 138 mm. 
From the theoretical distribution of tho nnchornsc bond stress it 

is concluded that it is better to relate thO avernce o.nchor 



bond stress to ~rather than r end tho boot curve io cu cu 
parabolic one of the form given by t11c and 114) for l j • 

1-

h . j + 90 mm. and showed that the averQ6e nnchorngo bond 
J.-

stress is dependent on the anchoraee length contiming 

Wi lkins ( 1951) conclusion for pull out tests. 

.) I. 
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TABLE 7-1 

1) Calculations of ("7.7.2(1-i), ) and 1 .. = h .. , K1 6 = 3.5 N/mm
2

, l.- J l.-J -
x1-6,max) = (5.18 - 3. 5) 3=5.04 N/mrri2 , f(max) = 8 . 54. N/mrn2 . 

T . F. . F. . x1 6 (ma.x) fb
5

(theory) fbs (av.) l.- J - R R/f R/rr-J.-j l.-J 2 2 2 N/ nnn i\l/mm N/m.TJ1 
cu cu 

T1- 2 0.6719 3.39 6 .89 7.90 1 .1 58 0 .027 0.177 

T1-3 0 . 5833 2. 94 6 .44 6 .48 1.006 0.030 0.175 

T1-4 0.5052 2.55 6.05 5. 96 0 . 985 0 . 029 0 .170 

T1-5 0 .4375 2.20 5. 70 5. 23 0 . 918 0.028 0 .160 

'l' 1-6 0.3333 1.68 5.18 5 .18 1.000 0.029 0 .1 70 

AVERAGE VALUE 0.029 0 .170 

COEF'FICIEi-JT OF VARIATION 3.6% 3. 5% 

2) Calculations of ( -7. 7 . 2 (1- ii) ) and l. . = h. . K1 6 = 3. 75 N/rmn2 , 
l.- J l.-J , -

x1_6,ma.x) = (5:1a - 3.75) 4 = 5.72 N/mm2 , r,~.ax) = 9 . 47 N/mm2. 

T. . l.-J 

'1' 0.4688 1-3 2.68 

2 . 24 5. 99 

1.43 5. 18 

MER.AGE VALUE 

COEF.FICIENr OF ViillIATION 

R R/fcu R/ /rcu 

1.143 0 .027 0.175 

1.008 0 .030 0 .1 75 

0 . 995 0 .030 0 .172 

0 . 926 0 .02a 0 .161 

5.18 1.000 0 .029 0 .170 

0.029 0.170 
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TABLE 7-2 

1) Calculations of ( 7. 7. 2 (1-i) ) and 1. . = hi. . + 90 mm. K1 6 == 3.8 l.-J -J • -
2 2 / 2 Fi/mm , x1_6 • l4.23 - 3 . 8 ) 3 = 1 .2:;J N/mm , f(max) == 5.09 N mm • 

T . F . . F. . x1 6(mroc) fb5 (theory) ·fb
5

(av .) 
R/ f R//C" 1-J - R 1-j 1.-J 

N/mm2 2 2 
N/mm N/mm cu cu 

T 0.5902 0 .76 4 . 56 4.99 l ,094 0.026 0.167 
1-2 

T 1-3 0 .5250 o.68 4.48 4.47 0.998 0.030 0 . 1 '(3 

T 1-4 0 .4666 0 .60 4.40 4.38 o.99ti 0 .030 0.172 

T 1-5 0.4152 0.54 4.34 4.02 0 . 926 0.028 0.165 

·r 1-6 0 .3333 0.43 4.23 4.23 1.000 0 .029 0.170 

AVERAGE VALUE 0 . 029 0.170 

COEFFICIE1"'T OF VARI~fION 5-3% 1.8% 

2) Calculations of (7.7.2.(1-ii)) a.nd 1. . = h .. + '.;10 mm. K1 6 = 3.8 l.-J l.-J -
N/mm2, x1_6 = l4,23 - 3,o) 4 = 1.72 N/mm2, f(m8x) = 5.52 N/mm2• 

T. F . F .. x1 6(ma.x) fb
5
,theory) fb8 (av .) 

i -j l.-j 1-J - R R/ f R/;r--
N/mm 2 N/mm 2 H/rnm 2 cu cu 

T1-2 0.4758 o.a2 4.62 4.99 1.080 0 . 025 0.165 

T1-3 o.41o·r 0.71 4.51 4.47 0 . 991 0.030 0 .172 

T1-4 0 . 3571 0.61 4 . 41 4.38 0 .993 0 . 030 o .1·r1 
' 
'1'1-5 0. 3136 0.54 4.34 4.02 0.926 0 .028 0 .165 

•r1-6 0.2500 0.43 4.23 4. 23 1.000 0.029 0 .170 

AVERAGE VALUE . 0.028 0.169 

COEFFICIEN~ OF VARIATION 6.7% 1.&(o 
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CHAPl'EH 8. 

COliCLUSIOl$ J(N1) SUGGESTIONS FOH D:SSIGN AND FURTff:i' ..... t{ R~SEARCiI 

8 . 1 . CU!~CLUSlONS 

f.lthoueh each of the previous chapters contains its own con-

clusions, this section will show the general conclusions of this 

resea.rch project and they are as follows : -

1) The colunn base joint strength compar ed with equation (1) varies 

linearly with the anchorage length \7hich is the overall depth of 

the base slab (h) plus part of the column length acting as an 

extra anchorage length. This extra anchorage length is (200 mm.) 

for specimens of series (1) , ~163 .6 mm. ) from series (3) speci-

mens and (138 mm.) from the pilot specimen and T3_3 results . 

'i'his shows that the extra anchorage length is not constant f or 

the same column. 

2) The anchorage bond stress is dependent on the anchorage length. 

For specimen just failed by yielding of the longitudinal column 

reinforcement, the anchorage bond stress has a parabolic dist-

ribution plus a constant value along the anchorage length. For 

shallower bases, the upper part of the distribution may be used 

to calculate the average theoretical anchorage bond stress. 

3) The anchorage bond strength for the column bars increases as the 

value of (p ) increases ~s increasing the cross- s ectional area 

of the tensile base slab reinforcement (A). For the same value s 
of (As) it is better to use small diameter bars closely spaced 

than large bars widely spaced. The strength of the column base 

joint increases as the value of ( p ) increases by increasing 

(As) and keepinJ the effective depth (d) constant where i t 

reduces as the value of (p) increases by reducing (d) and keep 



ing (A) constant .• 
8 
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4) The anchorage bond strength for the column bars increases as the 

l ateral dimensions of the base slab increase and tends to reach 

a limiting value as the dimensions increase beyond 900 x 900 mm. 
AB- a1 a2 squa.~e corresponding to ------ = 19.25. 

a1 a2 

5) The ultimate axial load transferred from the short column to the 

base can be calculated from the following equation for columns 

having the same properties as those used in this experimental 

program i-

This means that the axial load transferred to the base from the 

core concrete at a higher stress than that from the cover con-

crete. The constants 0 . 91 and 0.75 cannot be related to any of 

the variables in the tests. 

6) For specimen just failed by yielding of the column 20 mm.¢ 

square twisted H.T steel l ongitudinal reinforcement . The max-

imum average stress in the bars is 0.85 f and the maximum stress y 

in any bar is 0.941 f whereas the maximum average stress is 0.905 y 
f when the column contained no concrete . y 

8. 2 . SUGGBS'l'IOi-iS FOR DESIGN' 

' 

Since this research program did not cover all the variables , it 

.is difficult at this stage to draft any general conclusions for design, 

but for columns and bases having the same properties as those used in 

this project it is possible to suggest the following: -

1) Use three part addition formula to calculate the ultimate axial 

load transferrable from short columns to bases as in equation 

(10) and using the values of Y m recommended by CP110:Part 1: 

1972. 
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2) Assuming that the column does not provide any extra anchorage 

length for square twisted H. 'l' . steel be.rs , an anchorag-e bond 

stress of 5 . 18 N/rnm2 can be used to calculate the anchorage 

length. Alterna.tively an anchorage bond stress of 4 . 23 N/mm.2 

can be used to calculate the anchorage length where the column 

provides an extra anchorace length equal to the core size. 

Also for other columns and bases the folloVTing are suggested :-

1) Use t\7o part addi tion formula -~::i calculate the ultimate axial 

load transferrable from short columns to bases as in equation 

(1) and l values are given by CP110 :Part 1: 1972. m 
2) Use CP110: Part 1 : 1972 - table (22) for the ultimate anchorage 

bond stresses to calculate the anchorage lengths since it is on 

the safe- side until the suggestions for further research are 

completed. 

SUGGES'l'IOi~S FOH FUR'rrlBR RSS".i:ARCH. 

To complete this research program the following are suggested 

to be done:-

1) For square twisted H. T. steel bars reinforcement, the following 

should be done:-

i) Obtain a family of curves for different values of tensile 

base slab reinforcement (A) by varying (h) as in fig. s 

(3 . 10) and hence to calculate the anchorage lengt~"'l. required t o 

resist anchorage bond failure for each value of \A) . 
s 

ii) To investigate the effects of varyin~ the 0eometrical pro-

perties of column concrete section and tne bar size of the 

column reinforcement . 

iii)'i'o find experimentally the distribution of the anchorage. 

bond stress along the ancnorace length. 

• iv) To find the value of the column length which is acting as 



v) 

an extra anchora[;e length to be used in deGic'.?,n by ca:rry-

ing out some tests with columns contained no concrete. 

To find the effect of varying f from (20 - 40) N/mm2. cu 
2) To repeat the r~search above using ribbed bars reinforcement . 

3) To repeat the research above using plain bars reinforcement . 

4) To dr3.ft a complete r ecom."llenda.tion for design purposes . 
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