MNMM ECCENTRATY IN THE
ULTI MATE STRENGTH ANALYSI S

Qusanya Sunday SO.OMON
(B. Eng, AM CE)

Thesis submtted in partial fulfilnment of the require-
ments for the award of the degree of MASTER CF ENA NEER NG
(in Avil Engineering) of Ahmadu Bello University, Zaria,
N geri a.

May, 1980



11

THESIS APPROVAL

We hereby recommend that the thesis prepared under our
supervision by Mr, Olusanya Sunday Solomon entitled:
#Minimum eccentricity in the ultimate
strength analysis" .
be accepted in partial fulfilment‘é; t;e requirements for
the award of the degree of Master of Engineering (in Civil

Engineeripg) of Ahmadu Bello University, Zaria.

WICZ Dr. A. FLOREK

(Supervisor (Supervisor)

Prof. D. ADEPEGBA
(External Examiner)

s s




1ii

DEDICATION

Your sustained efforts to care for me since my

childhood days has brought me thus far, In sincere apprecia=-

tion of all that effort, this thesis is dedicated to you,

dear uncle,

Mr., Jacob Adeyanju Olugde.

0, S. Solomen
May. 198().



iv

ACKNOWLEDGEMENTS

I wish to express my profound gratitute to the
following persons:

1. The Head of the Department of Civil Engineering,
Professor S, Oleszkiewicz, who made funds and materials
available for this research work, made available some of
the references consulted, and also gave permission to
extract from some of his research publications;

2. The Head of the Department of Surveying, Mr. N. J.
Field, for his advice during the site measurements;

3. My supervisors, Prof. Sylwester Oleszkiewicz, and
Dr. Andrzej Florek, for their sustained guidance throughout
the research period, and for undertaking to read, criticize,
and suggest improvements in my scripts at all stages of the
research work;

4, Dr. A, O, Abatan, for making available some of
the references consulted; Mrs J, Brzezina, for reproducing
my diagrams on tracing paper; and Mr, J. Okpanachi, for
typing the manuscript;

5. Finally, I am grateful to those individuals, too

numerous to list here, whose words of encouragement have



been of tremendous help, especially in times of distress and

depression often associated with research work,

Ahmadu Bello University, 0. 3, Solomon,
Zaria May, 1980,



Chapter

vi
CONTENTS

Title page

Thesis approval page
Dedication

Acknowledgements

Table of contents

Notation

Abstract

Introduction and literature review
References to chapter 1

Field Measurements

Discussion of site results
References to chapter 2
Application of research finding
Conclussions

References to chapter 3

12
13
104
112
113

137
144



vii

NOTATION

Notation is generally in accordance with CP 110, and
the principal symbols are listed below, Other symbols
are defined in the text where necessary.

A; Area of compression reinforcement

Ags Area of tension reinforcement

b Width of section

d Effective depth of tension reinforcement

a' Depth to compression reinforcement

d2 Depth to reinforcement

Egs Modulus of elasticity of steel (= 200kN/mm? )
e Eccentricity

Characteristic concrete cube strength

fy Characteristic strength of reinforcement

Overall depth of section in plane of bending

Bending moment due to ultimate loads

Ultimate axial load

]

Neutral axis depth

Depth of concrete in compression
Strength ratio

Moment ratio

Strain

Reinforcement ratio

Stress ratio

< © Mw 9 X



ABSTRACT

The nom nal allowance for eccentricity due to
construction tol erances as specified in three different
codes of practice (AQ 318-77, CP 110, and CEB-Fl P Model
Code) was studied and conpared with actual val ues of
construction errors neasured on building sites. It was
found that the three specifications do not conpare
favourably with one another, neither do they agree very
well with site results. Sone inherent flaws in the way these

codes specify the nomnal eccentricity was al so di scussed.

An alternative specification was then proposed whi ch
not only corrects these flaws but al so conpares favourably
wth site results. Unlike in the three codes referred to
above the proposed specification nay be built-in into the
design fornulae and it was show that this sinplifies the
ultimate strength design fornmnul ae.

Finally, this alternative proposal was utilized to
devel op a set of fornulae which allow for a uniform approach
to the design of concrete sections under different conbina-

tions of bending nonents and axial | oads.
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CHAPTER_ONE
INTRODUCTIO

1.1 It is an accepted fact that man is yet to achieve
perfection., On building construction sites therefore,
various tolerances should, and usually are, allowed so that
a column designed as 300 x 300 mm for example should not be
expected to be constructed to precisely this size; if a
tolerance of say 5mm is allowed, then a column of sides
anywhere between 295mm and 305mm will be passed as being
satisfactory. A similar thing applies when eccentricities
are considered, This thesis will study eccentricity errors
on rectangular reinforced concrcte elements, and only single
axis bending will be considered,

To allow for construction inaccuracies and To provide
sufficient safety for reinforced concrete elements, an
additional eccentricity e, say, is introduced into desisn
calculations at the point through which the resultant of
the external forces acting on the elements passes, and in
the most unfavourable direction /1.1/. This will have the
effect of increasing the ultimate load effect. Construction

inaccuracies include the following:
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i, horizontal alignment error,
11, transfer alignment error, and
iii. vértical alignment error, . |
These errors are illustrated in fig. 1.1 and discussed in
detail in chapter 2.

correct
"~ column |
1
floor
a) Horizontal :
alignment error : ! |
2
error

c) Vertical alignment error

4

|

FIG. 11 CONSTRUCTION ERRORS
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The safety aspect is intended to take account of the uncertainty
resulting from the following:=

i. Reinforcement inclination; possible deviations of the

reinforcing bars from the principal directions of
the axial stresses.

ii. Workmanship; possibility that the construction is
not executed by skilled craftsmen under efficient
supervision, and that it is not erected in reasonably
clement weather,

Construction errors may have various undesirable consequences.
Consider for example, the horizontal alignment error illustrated
in fig. 1.2. Due to the alignment error along Row A, the span
of beam B,(lz),is greater than designed,(l1). This will increase
the bending moment on the beam and may result in bending failure.
Column A is also subjected to an additional moment due to the
additional eccentricity €, introduced during construction,

This may cause material failure in the column,

Problems that may arise ffom transfer and vertical alignment
errors are not unsimilar to those discussed above, and the
minimum eccentricity specified in codes of practice is intended

as a safeguard against these problems,
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The CEB-FIP "Model code for concrete structures" /1,1/, here~

inafter referred to as the CEB code specifiea that the minimum
eccentricity due to construction tolerances shall not be less
than h/30 (ie0,03h), where h is the minimum depth of section
in the plane of bending. For elements subjected to a theore-
tically axial compressive force, the CEB code makes the ‘
| following additional specifications:
i, the gbove minimum eccentricity shall not be less than

20mm,
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ii, as an alternative to introducing the minimum eccentricity,
we may increase the load and material partial safety
factors by 20% each, thus having the effect of decreasing
the ultimate axial resistance force,
The British Standard CP110 "Code of Practice for the Structural
use of Concrete" /1.2, 1.3/, herein-after referred to as the CP
code, specifies h/20 (ie 0,05h) as the minimum eccentricity, h
being as defined above., To allow for this nominal eccentricity
of 0.05h in axially loaded sections, the CP code increases the

partial safety factors by about 10% and builds this into a design
formula which it then specifies; that is, the ultimate axial load
is reduced from

A A
- c scC
N = 0457 ©«+ 0.72]Cy (1.1)
A
to N = O.hf;u c o+ 0.5?F§Asc (1.2)

The American Code ACI 318-77 "Building Code Requirements for
Reinforced Concrete® /1.4, 1.5, 1.6/, hereinafter referred to as
the ACI code, specifies the minimum eccentricity as (0.6 + 0,03h)
inches, that is, (15.2 + 0.03h)mm, The 1971 version of the ACI

code /1.7/ specified 0,10h as the minimum eccentricity, subject
to an absolute minimum of 25mm, No special specification is
made for axially loaded sections by the ACI code,

The requirements for minimum eccentricity by the three

codes above are illustrated diagramatically in fig. 1.3.
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Depth of section h (mm)

FIG. 1.3 REQUIREMENTS FOR MINIMUM ECCENTRICITY .

1.2 Observations on the Codes' specifications

i, The eccentricity error is made during the
construction stage of the eiemcnt, and once this error has
been made, it remains there permanently, affecting all the
bending moments that may be applied., Therefore any
allowance introduced to correct this error should also be
of a permanent nature, The specifications of "he three
codes above however are not permanent; instead they are
applied only when the computea eccentricities are less than
the minimum eccentricity, and completely ignored or neut off”
on elements with computed eccentricities greater than or
equal to the minimum eccentricity. As an illustration,

consider a section of depth 200mm, The CP code allows a
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minimum eccentricity of 10mm for this section, If the

computed eccentricity on this section is less than 10mm

(say 7mm), then the minimum eccentricity of 10mm will be

used in design; if however the computed eccentricity is greater
than 10mm, say 15mm, then the latter value is used and the
minimum eccentricity is ignored, not unmindful of the fact
that an error has already been introduced in the =ection
during construction, There is therefore a discontinuity
between sections which have computed eccentriciticzs less than
the minimum eccentricity and those with computed eccentricities
greater than or equal to the minimum eccentricity,

Viewed mathematically, for a computed eccentricity e,
and for a minimum eccentricity €19 the three codes recommend
that although the total eccentricity may be as large as
(e1 + e2) due to construction errors, it may be specified ass

>3
1. €49 if e,<e, (1.3)

i1, €59 L 4 e2-‘-:=e1 (1.4)

The error, E, introduced by this specification if expressed

as a ratio of the total eccentricity (e1 4 ez) ie therefore

1. E=(eq+€) = o eqn 1.3

{e1 + e2}
H)LQA
- €5 when 922-..21 (1.5)
i+ 5

or ii, E = (e, + ¢,) =
(e 2) = € from eqn 1.4

(e1 + 92)
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#
when e, 7oy (1.6)

..
e, + e,
This error E increases from zero per cent when e, = 0

(eqn 1.5) to a maximum of 50% when e, = e, (eqn 1.6) then
diminishes as e, increases further (.qn.1.6). At e, = 991
for example, egqn 1.6 shows that the error is 10%, and when

e, = 19e4 the error is 5%, The variation of this error is
shown graphically in fig 1.4, Ideally the total eccentricity
(e1 + ea) should be specified and used in design, as the

error in this case will be zero.

}

S0 |-

'

9 T
.2’.1

FiG 14 SPECFICATION ERROR FOR MINIMUM ECCENTRICITY.

ii. All the three codes specify the minimum eccentricity as
a function of the section depth h. In the CEB and CP codes

for example, the minimum eccentricities vary in arithmetic

progression with the section deﬁth, so that th2 minimum
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eccentricity allowed in a section of depth 400mm say, is
twice that allowed in a section of depth 200mm; (it will
be slightly less than twice the value in the ACI code).
From mere logic, it does not sound too convincing to argue
that if an error e, SAY, is made while constructing a 200mm
size column then an error four times this magnitude (ie 4 e1)
will be made when constructing an 800mm size col, Actual
site results however need to be obtained and studied to see
if the above statement is true or not,

1ii. Although the basic aim of introducing minimum
eccentricity is to correct for construction errors, fig 1,3
shows that the specifications for the minimum eccentricity
by the various codes differ appreciably., This disparity in
specified eccentricities is further evident from Table 1,1
where the minimum eccentricity on four arbitrarily chosen
section sizes are tabulated,

Table 1.7 Comparison of minimum eccentricities
on some section sizes,

Section size | Min Ecc, specified, mm
B x hjum CEB ACT CP110

(h/30)} (15.240.03h) (0.05h)

et
| 250%x250 8.3 | 22,7 12,5
250x%500 16,7 30,2 25,0
300x700 23,3 36,2 35,0
700x300 10.0 24,2 15,0

——
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1.3 1In the light of the observations made in section 1,2

we may be prompted to ask: do these codes' specifications
compare favourably with actual errors on the construction
sites? 1If no, can we¢ propose an alternative specification?
Will this proposed specification correct the disparities?

To answer these and other such questions, we need to take
measurements on actual construction sites; this is discussed

in the next chapter,
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CHAPTER TWO
FIELD MEASUREMENTS

2.7 A field survey was carried out on three building sites
under construction in order to obtain actual field data on
construction errors, The first site surveyed (site 1) is
the New Crop Protection building, while site 2 is the New
Agronomy building. These two buildings are 150m apart and
are located 200m behind the Department of Agriculture,
Ahmadu Bello University main campus, Zaria, Site 3 is the
New Administration Block Building for the Nigeria Leather
Research Institute, opposite the Bassawa Army Barracks
Zaria, along the old Zaria - Kano road, The firm of Messrs
A.G. Ferrero and Sons was constructing the building at sitel

while Nasara Enterprises Zaria was handling site 2, and
Onimisi Enterprises Kaduna was in charge of site 3,

Eighteen columns were surveyed at site 1, thirty-three
at site 2 and thirty-seven at site 3, making a total of eighty-
eight columns surveyed, The general layout of the columns
at the three sites are shown in figs 2.1, 2,2 and 2,3.

Tﬂéemodes of construction errors were investigated:

i. Horizontal alignment: The error in constructing the

ground floor columns so that they are properly aligned
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along a straight line, (see fig 1.1a).

ii, Floor to floor (transfer) alignment: the lack of
coincidence between the centre-lines of the columns
on two successive floors, the columns being on top
of each other but separated by a floor slab, (see
fig 1.1b).

iii, Vertical alignment: the error in constructing the
columns vertically from the ground floor to the top
floor; that is, the inclination. (see fig 1.i1¢c).

The error data so collected were statistically analysed
tc obtain the characteristic mean eccentricity e, which is the
eccentricity limit above which not more than 5% of thc site
results may be expected to fall; the probabilitv of 5% defectiv-:
being the generally adopted value in limit state design,
140, 1.25 163/
ie 6 =€ + 26 (2.1)
where e = characteristic mean eccentricity,
€ = sample mean eccentricity,
== probability factor (= 1.64 for 5%
defectives),

d" = standard deviation.

The standard deviation gives a measure of variability of

a given statistical observation, and is defined as the root
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mean square of the deviation of the observations from their

mean, For a sample X4 xz. x3. e xn of size n therefore,

n
0=l = (% - %)2

i=1 (2.2)

n
where X = :g X o
1-1 i/n ("‘3-'

= sample mean,

When estimating the standard deviation of the entire
observations (population) from a sample of it, an error is
introduced by assuming the sample mean to be the population
mean, the latter being unknown in this case. It can be
proved /2,1/ that the error so introduced may be corrected
by replacing n in the denominator of egn 2,2 by (n-1),

For practical purposes, it seems debatable to introduce this
refinement into data such as those resulting from tests on
concrete or similar variable materials, because the inherent
variation is quite high and the inference underlying such a
correction presuppozes a degree of accuracy and reliability
not generally in keeping with such test results, /2.2/;
moreover, for values of n exceeding about 30, it i: usually of

little practical significance whether n or (n-1) is used, /2,1/.
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If % is a decimal number that has been rounded off,
we accumulate a large error by using the standard dcviation
formula as given in eqn 2.2, /2.3/; to avoid this, eqn 2,2
may be expressed in the following form, (and this is the
form that will be used in this thesis):

from eqn 2,2, £% =(x - %/n
= = (x2-2x%+%°) /n
= (zxz-ZR:tx + nxz)/n

replacing X by =x/n from egn 2.3,

<8, (= (%5)2)

n

ie, 6= |3x% - (3x)2
2

(2.4)

n

The probability factor Z is defined as the deviation of the

variable x from the mean, exprecssed in multiples of the

standard deviction,
ie Z = (x - X)/5 {2.:5)

2.2 Cround floor horizontal alignment

at
A Wild Transit Theodolite was stationed&about 2.,5m from

the end of each row of columns to be surveyed (see fig 2.,1)
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and at such a position that offsets cbuld be road on a scale-
rule placed perpendicularly on the edge of anv of the columns
‘in the row, The theodolite was then levelled /2,4/ and
offsets read at four levels on each column, between the
ground floor level (0,00m) and 2,10m above floor level, the
levels being 0.70m apart, At each of these levels, one
reading each was taken on the two edges of the column face
considered; these rcadings were later averaged to give the
offset at the centre of the column face, |

The construction erreor in the horizontal oalignment
was computed relative, arbitrarily, to the line joining the
nearest and the farthest columns to the theodolite statioﬁ

Sighting p)
(e 1ine C9 - C1 in fig 2.4).
-
‘c, 1
: \
\
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To do this, the reduced offsets B at each column level
relative to the floor level offset of the column farthest
from the theodolite station (ie column C1 in fig 2,4) was
first computed, this being equivalent to shifting the
collimation (sight) line to C1C97, If there were no
construction errors all the columns would lie on line C1C9
and their correct offsets C, to line C1C9’ can be computed
by proportions using the principles of similar triangles,
with triangle C1C9C9' as a base, The difference between C
and B gives the construction error in the horizontal
alignment,
The first floor slabs were yet to be construcced when

the horizontal alignment readings were taken,
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Offsets along row C (site 1)

Col | Ruler

——

-—

’ Offsets at column edge {(mm) Column ! Cummulative
No, | Position _RU‘LC!' ht above floor level (m s cin 0010 S aCing
i_o.oo 0.70 | b1.11.0 2.10 (m) p?mﬁ.g_gf;v; m) '
Edge 1 | 83.0 so.o‘ 81.0 | 76.0 | 0.000
Mean 81 |5 78 10 77. 5 73 . 5 0. 0ocC 0 . 000
| Edge 1 88,0} 87.0| 88,0 | 84,0 3,275
i C8 | Edge 2 §103,0: 103.0 { 100.0 } 97.00 3,290
Mean 95,51 95,0 94,01 90,5 3.283% | 3,283 i
t Edge 1 :112.0i 110,0 | 116.0 1 115,0 34317 g
C7 | Edge 2 '115.0! 116.0 | 115.0 | 111,0 3.293 |
Mean 113,5 ; 113,0 115.5| 113.0 3,305 | 6,588
Edge 1 i135.o| 128.0| 126.0 | 125,0 3,270
c6 | Edge 2 [140,0, 136.0 | 130.,0 ! 127,0 3,280
Mean 1137.5 | 132,0} 128.0 | 126.0 3.275 | 9.863
g l
|
Edge 1 15*’5.0 { 156.0 16200 160.0 _‘5.30?
C5 | FEdge 2 i151.o 154,0 | 156,0 | 156,0 3.305
Mean 115245 | 155.0 159.0§ 158.0 3,304 N3,167
Edge 1 l150.o 158,0f 161,01 161,0 3,280
Ch | Bdge 2 {158,0| 162,0 166,0 | 166.0 t 3,290 ‘
Mean "!5-’4.0] 160.0} 163.5 | 163.5 | 3.285 16,452 |
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' F

Edge 1 § 152.0 {147.0! 149.0 11510 | 3.315 * _
Edge 2 | 158.0 [145.0] 145.0 [151.0 34310 |
Mean 155,0 |146.0f 147.0 |151,0 3,313 ]| 19.765 |
Bdge 1 | 139.0 }136.0| 137.0 1138.0 3,295 ;
Edge 2 149,0 [149,0} 144,0 1145,0 36295 l
Mean 144,0 1142.5] 140.5 {141,5 3.295 | 2%, 060 :
Edge 1 | 161.0 }155.0) 156.0 |153.,0 3,265 | (total col |
Edge 2 | 161.0 {154.0] 153.0 {154.0 3.290 § spacing Ye)|
Mean | 161.0 [154,5 154.5 [153.5 3.288 26,348 {

| | o F
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Table 2,2 Construction errors along row C (site 1)

Column | Ht above B Lrror e
No. floo? level - Offsets (mm) CwieB) ;o
m) Measured ; Reduced B heqd'c
- A =A=At) (=ZeX)

(0°) 0,00 81.5(=A") 0.0 1 0,0 0,0
0,70 78.0 =3.5 0.0 35

1,40 7745 4,0 0.0 /140

2,10 7345 -8,0 0.0 | 2,0

cs 0.00 95.5 14,0 9.2 | =4,1
0,70 | 95.0 13,5 9,9 =%.6

1.40 ; 94,0 | 12,5 | 9.9 -2.6

2,10 | 90.5 9.0 9.9 | 0.9

C7 0,00 i 113.5 32,0 19.9 -12.1
0,70 ! 113.0 31,5 19.9 -11,6

1.40 ! 115.5 34,0 : 19.9 1441

2,10 | 133.0 31.5 19,9 -11.6

c6 0,00 , 137.5 : 56,0 | 29,8 -26,2
0,70 132.0 50,5 290.8 20,7

1,40 | 128.0 46.5 29.8 =1647

2,10 i 126.0 i 44,5 29,8 -14,7

c5 0,00 . 152,5 71.0 39,7 | =31.3
0.70 | 155.0 73.5 39.7 | =33.8

} 1.40 159.0 775 39.7 =37.8

2,10 158,0 76.5 39.7 -56,8

Cl 0.00 154,0 72.5 49,6 | =22.9

' 0.70 160,0 78.5 49.6 | .28.9 |
1,40 163,5 82,0 49,6 ~32,4
2,10 163.5 82,0 49,6 -52,.4
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—
c3 0.00 155,0 73.5
0470 146,0 | 64 .5
1,40 147,.,0 65.5
2,10 151,0 69.5
c2 0.00 144 ,0 62.5
0.70 142,5 61.0
1.40 140,5 59.0
2,10 141,5 60,0

c1 0.00 161.0 79.5(=X) *
0.70 154,5 73.0
1.40 154,5 73.0
2.10 153.5 72,0

‘v—-—-’m —— o —

-13.9
~4e9
-549
~9,9

=
8.6
10,6
9.6
0.0
6.5
6545

:7-5

e —————
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Table 2,3 IEccentricity errors along row C, site 1
(absolute values)

| eq(mm) B% (mm?) e1(mm) ef (mm2) !

0.0 0,00 36.8 1354 ,24
3.5 12.25 22.9 524,41
4,0 16,00 28,9 835,21
8,0 ' 64,00 32.4 1049,76
4.1 16.81 32.4 1049,76
| 3.6 12,96 13.9 § 193.21
2.6 6.76 4,9 24,01
0.9 0.21 5.9 34,81
2.1 146,41 9.9 98,01
11.6 | 134,56 740 50.41
14,1 198,81 " 8.6 | 73.96
1.6 134,56 10.6 112.36
26,2 686,44 9.6 92,16
20,7 428,49 0.0 0.00
16.7 278,89 6.5 42,25
14,7 2156.09 6.5 42,25
31.3 979.69 Tad 56,25

33.8 1142 44 ==501.7 |1==11537.87
37.8 1428,84 & )
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Sample mean eccentricity € = =e, from ean 2.3

n
= 501,7
33
= 1%,936mm
2 (=e,)2
Standard deviation § = ze - .._%... from eqn 2.4

n

= [11537.87-(501.7)2
36

36
= 11,237mm

Charactecriztic mean eccentricity e = € + (1.64s) from eqn 2.1
= 13,936+(1,6%x11,237)
= 32,364mm
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Table 2.4 Offsets along row B (site 1)

i
Col | Ruler Offsets at column edge (mn) ! Column Jummulative
No { Position] Ruler ht above floor level spacing { col spacing !
k (m) (m) y=gy; (m) ;
L
0.00 0,70 | 1.40 | 2.10 '
Edge 1 108,0 {110.0 § 110,0} 110,0 | 0,000 | l
B9 | mage 2 112.0 {116.0 | 118,0} 120,0 |} 0,000 i
Mcan 110.0 |113.0 } 114,0] 115,0 | 0,000 0,000 ;
{ Eage 1 97.0 | 89.0 | 90.0l 97.0 | 3.300 !
B8 | Bage 2 | 103.0 {101.0 § 103.0| 110,0 | 3,300
Mean 100,0 | 95.0 } 96,5] 103.5! 3.300 ’ 3.300
Fdge 1 87.0 | 85.0 | 83.0] 83,0 3,280
B7 | Edge 2 95,0 { 93,0 | 90.0] 84,0 | 3,290
Mcan 91.0 | 89,0 | 86.5| 83.5 3,265 6,585 [
{ Eage 1 113.0 [116.0 | 125.0} 132,0 34273
86 | Bare 2 112,0 |121.0 | 125.0| 131.,0 ; 3.295
Mean 112,5 |118.5 | 125.0] 131.5 | 3.284 | 9.869
; i ,
Edge 1 106,0 4105.0 { 107,0{ 105.0 | 3,32
B5 } Edge 2 104,0 101,00 § 98,0l 93,0 3,290
1
Mean | 105,0 $103,0 | 102,0] 99.0 | 3.305 13,174 |
] 1
I !
Fdge 1 | 86,0 | 83.0 | 85.0]! £1.0 | 3.290
B4 | Bdee 2 95.0 | 94,0 | 95.0} 90.0 ; 3,295
Mean 90,5 | 88.5 | 90.0] 35.5 @ 3,293 | 16,467
}
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— - - it

1 Edge 1 82,0} 78.0 74,0 & 76.0 3,290
I83 | Bdge 2 95.0 | 93.0| 90.0¢ 29,0 3,277 |
Mean 88,5 85.5{ 82,0 | B2.5 3,28 | 19.751

Bdge 1 111.0 { 112,0{ 118,0 {113,0 34310
132 | Edge 2 111.0 § 112.0{ 114.0 ]110,0 3,318
Mean 111.0 { 112.0 ] 116.0 |114,0 3314 23,065

4
B1 Edge 1 97.0 96.0 92,0 92,0 34280 § (total col
’ Edge 94,0 89.04 88,0 89,0 3,270 4§ spacing Y=)
Mean 95.5 92.5 90,0 9045 Z¢275 26,340

N

| - —— e B B

-




|
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Table 2.5 Construction errors along row P (site 1)
Column -}?;g above __h___ﬁ_;f Construction
No. floor level § Measured Reduced B| Regd C error e,
| (m) (=A=A") (=3.x) | (=C-B)mm
—
BY 0,00 ¥ 110,0(=A") 0.0 0,0 0,0
0.70 113,0 3.0 0,0 =3.0
! 1.40 114,0 4,0 0.0 ~4.0
2.10 115.0 5.0 0,0 =5.0
B8 0,00 100,0 -10,0 -1,3 8.2
) 0.70 95.0 L -15,0 } -1.8 13.2
1.40 96,5 =13,5 -1,8 T
2,10 103.5 =645 1,8 4.7
B7 0,00 91.0 -19.0 =540 15.4
0,70 89,0 ~21.0 =346 17.4
| 1.40 86,5 2345 | %40 19.9
2.10 83.5 2045 =75 22.9
B6 0,00 112.5 245 ~5.b =79
0,70 118.5 845 -5kt =13.9
1.40 125.0 1 15.0 =54k -20.4
2.70 131.5 J 215 =54 -26.9
B5 0,00 105.0 =5.0 ~7¢3 -2.3
0.70 103.0 ~7.,0 ~7e3 =0.3
1.40 102.5 =75 ~7e3 0.2
2.10 99.0 ~11.0 { ~7.3 3.7 i
Bh 0.00 90.5 =19.5 -1 10.4
0.70 88.5 -21.5 =041 12.4
1,40 90.0 -20,0 { =9.1 10.9 |
2.10 85.5 24,5 -1 15.4 |
! 1 L




B3

B2

B1

'

0,00
0,70
1.40
2.10
0.00
0,70
1.40
2.10
0.00
0.70
1,40
2,10

88.5
8545
82,0
82,5
111.0
112.0
116,0
114,0
95.5
92.5
90.0
90.5

-21.5
=245
-26,0
=2745
1.0
2,0
6.0
4,0
-14,5(=X)
=175
-20,0
=19,5

-10.9

e -

-10,9
=10.,9
"‘1D¢j

- -
- t:’ {

i «12,7

_12a?
-12.?
-14,5

14,5
_1h.5

/ .
-1 ..5

} 0,8
13.6
L 171
16,6
=13,7
14,7
-18.7
-16.7
0.0
3.0
5.5
5,0
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Table 2.6 Eccentricity errors along row B
Site 1 (absolute values)

e1(mm) | ef(mmE} e, (mm) ef (mmz) ;
0.0 i 0.00 3.7 13.69 '_f
b 3.0 9400 10,4 108,16 :
4,0 16,00 || 12,4 153,76 :
} 5.0 25,00 10.9 118,81 ;
8.2 67,24 15.4 i 237.16 ;
13,2 174,24 10,6 112,36 ;
t 11.7 1 136.89 13,6 184,96 I
4,7 22,09 173 292,41 i
15,4 237,16 16,6 275.56 ,
174 302,76 13,7 187.69 *'
19,9 396,01 14,7 216,09 !
1 22.9 524 .41 18,7 " 349,69 i
7.9 62,41 16,7 278.89
b 13,9 193,21 0.0 0,00
{ 20.4 416,16 3.0 9,00
26,9 723,61 5.5 30,25
2.3 5429 5,0 25,00 f
0.3 0.09 [§==335, ==5905,09
0.2 { 0,04 |




n
—
M
@

6‘:5@1_ 1

5905.09 - (385.3)2

36

7 « 034mm

€ + (1.646)
10,703 + (1.64 x 7,034)

i}
b

22,239mm
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-I_'_z_a_bl'e 2.7 Eccentricity errors at

site 1
. 2 )
Site/row! = €4 se No, of
1 readin
(@) 1 (e n
1C 501,7 |11537.87 36
1B i 385.3 | 5905 .09 36
1 887,0 | 17442,96 72 ]
E = Se.]
n
= 887.0
72
= 12,319}!]1!!
2 2
6 = =0, =~ (ze,)
n
n

= [17642,96 - (887)°
by 4

72
= 9,.513mm

e = €+ (1.646)

= 12,319 + (1.64 x 9,513)

= 27,920mm,
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Teble 2,8 Offsets along row A (site 2)

!Col Ruler Offsets at column edee (mm) _J Column | Sumamu-
No. | Position Ruler ht above floor lovel(mm) | spacing| 12tive
: 0,00 | 0.70 1,40 2,10 (m) § S eyt
. y=xy; (m
. - 4 o .-
Edge 1 115,0} 112,0 | 109.0 | 105.0 | 0,000
A9 | Edge 2 125.0| 124,0 125,0 119,0 | 0,000
Mean 120.0{ 118,0 117.,0 112,0 | 0,000 0,00C
Edre 1 129.01 128,0 | 126.0 | 113.0 | 3.484
AB | Bdge 2 121.0} 125.0 | 128,0 | 119.0 | 3,456
Mean 125,0 | 126.5 127.0 118.5 | 3.470 3,470
rdre 1 88.0 86,0 82,0 T7+0 | 3433
\7 | Edge 2 83,0 88,0 86,0 77,0 1 3,032
Mean 85.5 | 87.0 84,0 77.0 | 3.433 | 6.903
Bdze 1 95.0 | 90.0 85.0 72,0 | 3.455
5 | Bdge 2 90,0 87.0 82,5 74,0 | 3,462
Mean 92,5 88, 83.8 73.0 | 3.459 |10,362
Edge 1 60,0 55,0 47.0 46,0 | 3,400
15 | Edge 2 58,0 48,0 43,0 L5,0 | 3.445
Mean 59,0 | 51.5 47,5 { 45.5 | 3.423 [13,785
Bdge 1 50.0 | 48.0 49.0 54,0 | 3,455
4 |Edwe 2 49,0 | 47.0 46,0 50,0 | 3.456
lMean 49,5 | 47.5 47,5 52,0 § 3,456 117,241
{ A




- P—
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A

Edge 1
Edge 2

Mean

Tdre 1
Edre 2
Mean

Edge 1
Edge 2
Mean

35-5 1

30,0
32,8

22,5
2845
25.5

15,0

9.0
11.0

375
31.0

3443

17.0
24,5
20.8

18,0
13.0
15.5

40,0
30,0
35.0

17.0
23.0
20,0

20,0
12,0
16.0

# 40,0

30,0
35,0

12.0
2145
16.8

o

18,
10,5
14,5

-

-

S

3,440
34436
3,438

3,465
3,482
3,474

3 445
3.450
3448

|

b 20,679

24,153

(Total col
spacingy =)
27,601
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Table 2,9 Construction errors along row A (site 2)
Sl ) ik abiows Offsets (mm) Construct»
No. Floor level | Measured | ReducedB| Rheqd Error e,
(m) A (=A=A') 1 (LX) | (aC-B),mn
1 o

A9 0,00 120.0(=A')} 0.0 ‘ 0,0 0.0
0.70 118.0 =-2,0 0,0 2.0

1,40 117.0 -3,0 0,0 3.0

2,10 112,0 -8.,0 0,0 8.0

A8 0,00 125.0 5.0 -13,7 18.7
0,70 126.5 J 6.5 =13.7 =20,2

1.40 127.0 7.0 =13.7 -20,7

2,10 118.5 =1.5 «13.7 -12.2

A7 0,00 85.5 =34,5 273 742
0,70 87.0 -33.0 -2743 5.7

1,40 84,0 =36,0 ~27¢3 ' 8.7

2,10 77.0 -43,0 ~27.,3 1 15.7

A6 0.00 92,5 =275 ~40,9 =13.4
0,70 88,5 =31.5 ~40,9 ~9.4

' 1.40 83.8 -36,2 40,9 b7

2.10 73.0 -47.0 -0, 6.1

A5 0,00 59.0 -61.0 =Shok | 6.6
0.70 51.5 -68,5 =5k 4 14,1

1.40 47.5 -72.5 =5t b4 18.1

2,10 45,5 =74.5 =5h o4 20,1

AL 0.00 49,5 =70.5 -68,1 2.4
0.70 47.5 =72.5 -6€,1 b4

1.40 47.5 =72.5 ~68,1 b

2,10 52,0 | -68.0 | -68.1 -0.1
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A3

A1

0,00
0,70
1,40
2,10
0.0C
0.70
1.40
2.10
0,00
0.70
1,40
2,10

32.8
34,3
35,0
35,0
25,5
20,8
20,0
16,8
11,0
15.5
16.0
14,5

-87.2
=85.7
-85.0
-85,0
94,5
-99,2
-100,0
~103,2
=109,0(=X)
~104,5
-104,0
-~105.5

-81,7
81,7
-81,7
-81,7
=35 .4
-35 .4
=95 4t
-5,/
=109,.,0

-109.0 !

-109,0
-109,0

L ——————

‘305
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Table 2,10 Eccentricity errors along row A,
site 2 (absolute values)
e, (mm) ef (mm2) I e, (mm) J ef (mmz)
|
;
0.0 0,00 20,1 | 404,01
2,0 4,00 2.4 | 5476
5.0 9,00 b o 19,36
8,0 64,00 44 19,36
18,7 349,69 0.1 0,01
20,2 408,04 545 30445
20,7 428,49 4,0 16,00
12.2 148,84 3¢3 10,29
T =2 51.84 343 10,399
5.7 32,49 0.9 Q.81
8,7 75 .69 3,8 14 4y
15.7 246 LG 4,6 21,16
13.4 179.56 7.8 60.%
9.4 88,36 0,0 | 0,00
| 4.7 22,09 4.5 20,25
6.1 37421 d 5.0 : 25.00
| 6.6 43,56 5.5 12,25
- et
14,1 198.81 || ==272.1 | >=3387.05
1841 327,61 | .




1
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2
3387.05 - (272,1)
36

36
6 ,079mm

e + (1.646)
7.558 + (1.64 x 6,079)

17 « 528mm
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Table 2,11 Offsets along row B (site 2)
Col | Ruler Offsets at column edge gmm? Column | Cummulative
No. Position| Ruler ht above floor level(m spacing| col, s?acinf
0.00 | 0,70 | 1.40 2,10 (m) | y=ay; (m)
Edge 1 164.,0 | 167.0 | 170.0 | 179,0 0,000
B9 Edge 2 165,0 | 168,0 | 167.0 | 164,0 0,000
Mean 164,5 | 167.5 | 168,5 | 171.5 0,000 0.000
Edge 1 163,0 | 168,0 | 173.0| 185,0 3,465
B3 Edge 2 166,0 170,0 173.,0 183,0 3,460
Mean 164,5 | 169,0 | 173.0| 184,0 3,463 3,463
Edge 1 172.0 | 177.0 | 181.0| 179.0 3,440
37 FEdge 2 163.0 168,0 172.0 168,0 3.435
Mean 167.5 | 172.5 | 176.5| 173.5 3.348 6,811
Edge 1 162.0 | 163,0 | 169,0| 172.0 3,440
B6 Edge 2 157.0 158,0 164,0 163.,0 3.455
Mean 15905 160.5 166.5 16705 3.1448 101259
Edge 1 169,0 | 170,0 | 170,0| 172.0 3440
B85 Edge 2 162,0 | 170,0 | 167.,0| 164,0 3,446
Mean 1655 170,0 168,5 168,0 3443 13,702
Edge 1 170.0 | 175.0 | 177.0| 182.0 3.465
ah Edge 2 174.,0 | 177.0 | 178.0| 184,0 3.485
Mean 172.0 | 176,0 | 177.5 183,0 3.475 | 17.177
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B3

B2

B1

Edge
Edge
Mean

Edge
Edge
Mean

Edge
Edge
Mean

167.0
162,0
164,5

154,0
150,0
152,0

159.0
157.0
158.0

170,0
165,0
167.5

157.0
154,0
155.5

163.0
159.0
161.0

171.0
162,0
166,5

155.0
156.0
155.5

164,0
162,0
163.0

170,0
158,0
164,0

152,0
156.,0
154,0

168,0
161,0
164,0

3,430
3.428
3.429

3.450
3.460
34455

3,446
3,459
34453

20,606

24,061

(total col
spacing Y=
27.514
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Construction errors along row B (site 2)

— —
Co%umn ?f above Offsets (mm) | Constructn
No,. oor error e

2 level (m) Meaiured ?ziging ?:g?xg (,C_B)';m
B9 0.00 164,5(=A'}] 0.0 0.0 0.0
0.70 167.5 3.0 0.0 -3.0
1.40 168.5 4,0 0.0 =4,0
2,10 171.5 7.0 0.0 =7.0
B8 0.00 164,5 0.0 0,8 -0.8
0.70 169.0 4.5 ~0.8 =53
1,40 173.0 8.5 ~0,8 -9.3
2:10 184.0 19.5 ~0,5 =20,3
B7 0,00 1675 3.0 =-1.6 =446
0.70 172.5 8.0 -1.6 -9.6
1.40 176.9 12,0 =1.5 -13.6
2,10 173.5 9.0 -1,6 -10,6
B6 0.00 159.5 -5,0 =24 2.6
0.70 160.5 -L,0 =2k 1.6
1.40 166.5 2,0 -2 4 ~b 4
2,10 167.5 3.0 -2.4 ~5.4
BS 0,00 165.5 140 —3.2 =4 2
0,70 170.0 52 =3.2 -8,7
1.40 168.5 4,0 -7l =742
2.10 168.,0 1, -5a2 -6,7
B4 0,00 172.0 75 -y -11,6
0,70 176.0 1.5 =41 -15.6
1.50 1775 13,0 4,1 =171
2,10 183.,0 18,5 ~l} 41 22,6




L3

B3

B1

0.00
0.70
1.40
2.10
0,00
0,70
1.40
2,10
0,00
0,70
1.40
2,10

164.,5
16745
166.5
164,0
152.0
155.5
12545
154,0
158.0
161.0
163.0
164 ,5

0.0
3.0
2.0
=0,5
-12,5
-3.0
-10,5
-6.5(=X)
=35
=15
0,0

=19
~4,9
=4.9
-l )
-5.7
-De7
-5¢7
=547
-5.5
=5,5
5,9
~6,5

4,9
=7.9
-6.9
-li o b4
6.8
3.3
3.3
4,8
0.0
=30
=5.0
6.5
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Eccentricity errors along row B

site 2 (absolute values)

—
e, (mm) ef (i) e, (mm) ef (mm”)
0,0 0,00 6.7 44,89
3,0 9.00 11.6 134,56
4,0 16.00 15,6 243,36
7.0 49,00 17.1 292,41
0.8 0,64 22.6 510,76
5.3 28,09 4,9 24,01
9.3 86,49 7.9 62,41
20,3 412,09 6.9 47,61
L,6 21.16 4.4 19,36
9,6 92,16 6.8 46,2t
13.6 184,96 33 10,89
10,6 112.36 53 10,89
2.6 6,76 4,8 23,04
1.6 2,56 0.0 0,00
4,4 19.36 3,0 9.00
5ol 29,16 5.0 25,00
4,2 17 .64 6.5 42,25
8.7 75.69 ||==252.6 |==2761,64
Ta2 51,84

_—




ot

45

= 291
n

= _2_52.6

36
= 7.017mm

2
= 201 e (291)
n
Il

- lo761.64 - (252.6)°
2528

36
5 - 2h2mm

= e + (1.646)
= 017 + (1.64 x 5.242)

1}

= 15.614mm
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Table 2,14 Offsets along row C (site 2)
Col | Ruler Offsets at column edge (mm) Column Cummulatice
Ne | Position | Ruyler ht above floor level {(m) | spacing | col.spacin:
0.00 | 0,70 1.40 2,10 (m) y=zy; {m)
Edge 1 127,0 129,0 1310 130,0 0,000
c1 Edge 2 118.0 120,0 123,0 119,0 0,000
Mean 122,.5 124,.5 127.90 124,5 0,000 0.000
Edge 1 123,0 130,0 136,0 132,0 3.430
ce Edge 2 126,0 130,0 125,.0 120,0 3,405
Mean 124,5 130,0 130.5 126,0 3,418 3.418
Edge 1 123.0 125,0 | 127.0 | 132,0| 3.470
C3 Edge 2 114,0 14,0 111.0 106,0 3.470
Mean 118.5 119,5 | 119.0 | 119.0| 3.470 6.838
Edge 1 103.0 102,0 109,.0 109,0 3,450
oL Edge 2 96.0 97.0 | 102,0 | 103,0] 3.4:0
Mean 99-5 99,5 105,5 10600 30“'{*5 10,333
Edge 1 124,0 132.0 134.,0 137.0 3,431
C5 Edge 2 118.0 123.0 128,0 134,0 3.430
Mean 121.0 127.5 | 131.0 | 135.5| 3.431 13.764
Edge 1 104,0 103.5 9e,0 97,0 3.420
cé6 Edge 2 102,.0 109.0 { 110,0 | 106,0| 3.410
Mean 103.0 106.3 104,0 101.5 34415 17.179
Edge 1 153.0 151.0 144,0 137.0 3,483 (total col
C7 Rdge 2 144 ,0 141,0 | 132,0 | 126,0| 3.480 spacingY=)
Mean 148,5 146,0 138,0 151.5 3,482 20,661

NB. Column C7 is the nearest column to the theodolite station

{ vmnn

LPiee D 2)
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Table 2,15 Construction errors alonz row C (site 2)

Column | Ht above Offsets (mm) _:j[ Constrn
No, | floor "Measured | ReducedB | ReqdC error e,
level(m) A (=A=A") G'%.X) &C-B ) ,mm
c1 0,00 122.5(=A") 0.0 0.0 0.0
0,07 124,5 2.0 0.0 -2.0
1.40 127,.0 4.5 0.0 =4.5
245180 124,5 2.0 0.0 -2,0
c2 0.00 124,5 2.0 4.3 2.3
0,07 130,0 TD L3 -3.2
1.40 130.5 8,0 443 3.7
2,10 126,0 3,5 | b3 0.8
C3 0,00 118.,5 4,0 ! 8,7 12.7
0.07 119,5 -3.0 ! 8,7 11:7
1.40 119.0 ~35.5 8.7 12.2
2,10 119.0 -3.5 8,7 12.2
(o 0,00 99.5 =23.0 13.0 36.0
0.70 99,5 | =23,0 13.0 36,0
1440 105.5 -17.0 13.0 30,0
2,10 106.0 -16,5 13.0 29.5
C5 0,00 121.0 -1.5 1T e 18.8
0,07 127.5 5.0 173 12.5
1.40 1310 8.5 1723 8.8
2,10 135.5 13.0 173 4.3
cé 0.00 103.0 ~19.5 21.6 41.1
0.07 106.3 -16,2 21,6 37 .8
1.40 104,0 ~-18,5 21,6 40.1
2,10 101.,5 ~21.0 21,6 42,6
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Cc7

0,00
0,07
1,40
2,10

143,5
146,0
138.0
131.5

26,0(=X)
23,5
15.5

9.0

26,0
26,0
26,0
26,0

0.0
2.5
10,5
17.0
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Table 2.16 Eccentricity errors along row C

site 2 (absolute values)

G - - - -

e, (mm) ef (mmz) e, (mm) e {mﬁzi
0.0 0,00 29.5 870,25
2,0 4,00 18,8 35344
4,5 20,25 12.5 156,25
2.0 4,00 8.8 77 s
243 5.29 4.3 18,49
342 10,24 41 .1 1629,21
3.7 13.69 378 1428,34
0,8 0,64 40,1 1608,01

12,7 161,29 42,6 1814,76
1417 136,89 0.0 0,00
1242 148,84 2.5 5.25
1202 148,84 10.5 110,25
36,0 1296,00 17.0 229,00
36,0 1296,00 ==434,8 | 2=125686,16
30,0 900,00
E = 26,1
S
= 434,.8
28




]
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2 2
;591 = (zeﬁ)

n

n

12568,16 = (h3h.8)2
28

28
14.&13mm

e + (1.645)
15,529 + (1.64 x 14,413)
39,166mm



51

Table 2,17 Offsets along row D (site 2)

Col | Ruler | Offsets at column edge(mm) Column |Cummulative
No } Position Ruler ht above floor level (m) sSpacing|col,.spacing
(m) y=sy; (m)
0.00 0,70 1.40 2.10
D1 | Bdge 2 104.,0 | 101.0 95.0 | 101,0 0.000
Mean 106.5 | 104,5 93,5 97.0 0.000 0,000
RBdge 1 112.0 | 110.0 | 100.0 93,0 3,435
D2 | Rdge 2 116.0 | 117.0 114,0{ 108.0 3,430
Mean 114.,0 | 113.5 | 107.0 | 100,5 3,433 3,433
Edge 1 125.0 | 123.0 | 112.0 | 116.0 3 420
’ D3 | Edge 2 120.0 | 117.0 | 113.0 | 120,01 3.415
Mean 122.5 | 120.0 { 111.5 | 118.0 3.418 6.851
t
Edge 1 140.0 | 139.0 | 135.0 ' 132,01 3,458
D4 | Edge 2 150,0 | 159.0 | 152.,0 162.0! 3,440
Mean 145,0 | 149.0 | 143.5 147,01 3,449 | 10,300
| |
| Edge 1 148,0 | 147.0 1+ 144,06 141,0 3,460
D5 | Edre 2 155.,0 | 162.0 @ 159.0 152,0 3,445
Mean 151.5 154,5 151.5 146,5 3.453 13.753
D6 | Edge 2 154,0 | 156.5 | 154.0 | 160,0 34,400
Mean 155.5 | 156.5 | 155.5 | 156.5 3,410 | 17.163
Edge 1 161.0 [ 160.0 | 162,0 | 149,0 3,495 | (total col
D7 | Edge 2 170.0 | 164.0 | 166,0 | 166,5 3.485 spacingY=)
Mean 165.5 162.0 164,0 157..8 3,490 | 20,653

NB. Column D7 is the nearest column to the theodolite station
(see fig 2.2)
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Construction errors along row D (site 2)

Col, | Ht above Offsets (mm) ) Constrn
No. floor Measured | ReducedB| Reqd C error e
level(m) i (=A-A") =¥.K) (=C-B) ,mm
D1 0.00 106.5(=A'] 0.0 0,0 0.0
0,70 104.5 -2,0 0.0 2.0
1,40 93.5 ~13,0 0,0 13.0
2,10 97.0 -9.5 0.0 9.5
D2 0,00 114.,0 75 9.8 23
0.70 113.5 7.0 9.8 2.8
1,40 107.0 0.5 9.8 93
2,10 100.5 -6.0 9.8 15.8
D3 0.00 122.5 16,0 19,6 346
0,07 120,0 13.5 19.6 6.1
1,40 111.5 5,0 19.6 14,6
2.10 118.0 11 &5 19,6 8.1
D4 0.00 145,0 38,5 29.4 -9.1
0.70 149,0 42,5 29,4 ~13.1
1.40 143,5 37.0 22.4 =746
2.10 147,0 40,5 29.b4 ~11,1
D5 0.00 151.5 45,0 39.3 5.7
0.07 154,5 48,0 3943 -8,7
1.40 151.5 45,0 3943 =57
2.10 146.5 40,0 3943 -Q,7
D6 0.00 1555 49.0 49,0 0,0
0,70 156.5 50,0 49,0 ~1,0
1.40 155.5 49.0 49,0 0.0
2,10 156.5 50,0 59,0 -1.0




0,00
0,07
1.40
2,10

165.5
162,0
164,0
157.8

59.0(=X)
5545
5745
51.3

o

o

o O

' D

O W O O

0.0
365
145
Ta7
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Table 2.19 Eccentricity errors along rov D,
site 2 (absolute values)

iR
e, (mm) ef (mm?) e, (mm) ef (mn®)
0.0 0,00 11.1 123,21
2,0 4,00 ST 32 449
13.0 169,00 8,7 75469 |
9 90,25 el 32,49
243 5¢29 0,7 0,49
2.8 7 .84 0.0 0,00
93 86,49 1.0 1,00
15.8 249,64 0.0 0,00
36 12,96 1.0 1.00
6ol 37421 0.0 0,00
14,6 213,16 362 12,25
8.1 65 .61 15 2+:29
9,1 82,81 2.7 59,29
13.1 171.61 >=163.5 ==1593.79
7:6 5776
E = xe,
n
= 163,5
28



1593.79 - (163.5)°
28

28

4,77 7om

e + (1.645)

5.839 + (1,64 x 4,777)

1% .673mm
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Table 2.20 Eccentricity errors at site 2

Site/row | =e, =e, No. of
(o) (mm? rca;inus
2A 272.1 3387,.,05 36
2B 252,.6 2761 ,64 36
2C L34 .8 12568,16 28
2D 163.5 1593.79 28
2 1123.0 20310,64 128
.l
g = :!e1
n
= 1123
128
8,773mm

q
M
@
= N
I
e |
~
M
S ©
-
i o

| 20310.66 - (1123)°
128
28
9,039mm
c = e + (1.640)

= 8,773 + (1.64 x 9,039)
= 23.,597mm
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Table 2,21 Offsets along row B, from station 1
site 3 (see fig 2.3)

Col | Ruler Offsets at column edge (mm .} Column | Cummulative
No. | Position | Ruler ht above floor level (m spacing| col,spacins
0.00 [ 0.70 | 1.40 | 2,10 (m) | ym2; (m)
Edge 1 105 93 80 72
B6 | Edge 2 100 87 80 80
Mean 102,5 90 80 775 0,000 0.000
Edge 1 86 87 N 101
B5 | Edge 2 80 88 96 104
Mean 83 87.5 93,5 102,5 l“0790 l‘v'?go
Bdge 1 88 g2 95 96
B4 | Edge 2 85 86 90 96
Edge 1 91 75 76 70
B3 Edge 2 87 80 76 76
Mean 89 77.5 76 73 4,795 14,385
Edge 1 94 88 82 77
B2 | Edge 2 97 87 82 76
Mean 95-5 8?05 82 ?615 }“.798 190183
Edge 1 97 85 80 75 (total col
B1 Edge 2 95 87 82 79 spacingY s
Mean 96 86 81 77 4,786 23,969
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Table 2.22 Offsets along row B, from station 2 site 3

*:
Offsets at column edge gmmz

-

Col | Ruler Column Cummulativ.
spacing | colispacin;
No, | Position | Ruler ht above floor level (m) ta) yosn  (n)
0,00 0.70 1.40 2,10
!
Edge 1 83 68 7 50
B12| Edge 2 85 73 58 46
Mean 84 70.5 5745 L8 0,000 0,000
Edge 1 100 89 84 80
B11| Edge 2 89 87 83 75
Mean 94,5 88 83.5 Tl5 4,794 4,794
Edge 1 114 123 109 113
B10! Fdge 2 114 110 112 106
Mean 114 116,5| 110.5 | 109.5 4,788 9,582
Edge 1 127 132 133 141
B9 Edge 2 122 125 131 143
Mean 124,99 128.5 132 142 4,790 14,372
Edge 1 129 123 127 127
B8 | Edge 2 127 136 132 140
Mean 128 129.5| 129.5 | 133.5 4,760 |19.132
Edge 1 164 153 157 166 (total col
B7 | Edge 2 160 150 152 158 spaoingy,=)
Mean 162 151.5] 154.,5 | 162 4,815 | 23.947




Table 2,23 Construction errors along row B (site 3)
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ﬁol. Ht above Offsets (mm) _] Conc: tructn
Qs iisgi(m) Measured | ReducedB | Read C | error e
A R I 2 S N R
i 4
B6 .00 102.5=A} 0.0 0.0 0.0
0,70 90 =12.5 0.0 12,5
1.40 80 =225 0.0 2245
2.10 T7.5 -25,0 0.00 25.0
B5 0,00 83 =19.5 -143 18,2
0,70 87,5 =-15.,0 ~1.3 13.7
1.40 93.5 - 9.0 “1.3 77
2,10 102.5 0.0 -1,3 ~-1.30
B4 0.00 86,5 -16,0 -2,6 13.4
0.70 89 -13.5 ~2,6 10.9
1.40 92.5 -10,0 -2,6 7.4
2,10 96 -6.5 ~2.6 3.9
B3 0.00 89 =13.5 =39 9,6
0,70 7745 =25 =39 21.1
1,40 76 =206,5 -3.9 22,6
2,10 3 -29,5 -39 25.6
B2 0,00 95.5 -7.0 =5.2 1.8
0.70 87.5 -15.0 -5.2 9.8
1,40 82 ~20,5 ~D.2 15.3
2.10 7645 26,0 =5.2 20.8
B1 0.00 96 ~6.5(=X) =645 0,0
0,70 86 =16.5 =645 10.0
1.40 81 -21.5 =045 15.0
2:10 77 -25.5 «56,5 19.0
-
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B12

B11

B10

B9

B3

B7

0.00
0,70
1,40
2,10
0,00
0,70
1,40
2,10
0,00
0.70
1.40
2.10
0.00
0,70
1,40
2.10
0,00
0,70
1.40
2,10
0,00
0,70
1,40
2,10

8L=p!
7045
575
L8
94.5
88
83.5
775
114
116.5
110.5
109.5
124,5
128,5
132
142
128
129.5
129.5
133.5
162
151.5
154,5
162

0,0
=13.5
-26,5
-36,0

10,5

4,0
-0.5
-6,5
30,0
32,5
26,5
25,5
40,5
44,5
48,0
58,0
44,0
45,5
45,5
49,5

78(=X,)

67.5
70.5
78,0

0,0

0.0

0,0

0,0
15,6
15.6
15,6
15,6
3142
2.2
31,2
31.2
46,8
46,8
46,8
46,8
62.3
62,3
62.3
62,3
7840
78,0
78,0
78,0

0,0
1345
20,5
36,0

561
11.6
16.1
22.1

1.2
-1.3

4.7

5.7

6.3

e
=-1.2

~11.2
18,3
16.8
16.8
12.8

c.0
10.5

T2

0.0
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Table 2.24 Eccentricity errors along row B,
site 3 (absolute values)

e, (mm) ef (mmz)]I eﬁ(mm) ef (mmz}
0.0 0.00 10,0 100,00
12,5 156,25 15,0 225,0C
225 506,25 19.0 361,00
25,0 625,00 0.0 0.00
18,2 331.24 13.5 182.25
13.7 187.69 26,5 702,25
Te7 59.29 36,0 1296,00
1.30 1.69 5 26,01
13.4 179,56 11.6 134,55
10,9 118,81 16.1 259,21
7ol 54,76 2241 488,41
3.9 15.21 1:2 1,44
9.6 G2.16 1.3 1.69
211 445,21 4,7 22,09
22,6 510,76 57 32,49
25,6 655,36 6.3 39.69
1.8 3.24 2.3 5,29
9.8 96,04 1.2 1,44
1513 234,09 112 125 44
20,8 432,64 18.3 334,89
0.0 0.00 16.8 282,24
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16.8 232,24
12.8 163,84
0.0 0.00

10,5 110.25

7 e 56625

0.0 0.00
==554,6 ==9939,22

O\
i
N

i

M

o)

~
V)

o

9939,22 - (554.6)°
48 = 8,577mm

L}

48

e = e +(1.6£‘d’)
= 11.55& + (1.6“ X 8.57?)
= 25,620mm
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Table 2,25 Offsets along row C, from station 3 site 3

- —

- -

Col | Ruler Offsets at col. edge (mm) Col. Cummulative
No | Position | Ruler ht above floor level (m)| spacing | col.spacing
0,00 | 0.70 | 1.40 | 2.10 (m) y=zy; (m)
Edge 1 172 183 190 210
c6 | Edge 2 172 176 183 200
Mean 172 179.5| 186.5| 205 0.000 | 0,000
Edge 1 181 171 175 196
c5 | Edge 2 190 180 178 194
Mean 185.5| 175.5| 176.5| 195 4,800 | 4,800
Edge 1 221 213 210 204
Ch4 | Edge 2 221 214 209 213
Mean 221 213.5| 209.5| 203.5 4,795 | 9.595
Edge 1 221 207 192 | 174
c3| Edge 2 224 209 194 | 485
Mean 222,5( 208 193 179.5 4,790 | 14.385
Edge 1 236 231 227 220
c2| Edge 2 231 234 233 229
Mean 233.5| 232,5| 230 2244,5 4,795 | 19.180
Edge 1 218 219 224 221 (total col
C1| Rdge 2 220 222 225 229 spacingY,=)
Mean 219 220,5| 224.5| 226,5 4,790 | 23,970
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Table 2,26 O0Offsets along row C, from station 4 site 3

Offsets at col edge (mm)

-

>ol. | Ruler Column | Cummulative
No | Fosition Ruler ht above floor level (m) | SP2¢ing | col.spacing
(m) y=2zy; (m)
0.00 0.70 1,40 2.10
Edge 1 75 96 100 106
€12 | Edge 2 79 89 95 102
Mean 77 92,5 975 104 0,000 0.000
Edge 1 94 99 110 120
C11 | Xdge 2 95 94 106 116 |
Mean 94,5 96.5 108 118 4,800 | 4,800
Edge 1 97 91 R6 83 |
C10 | Edge 2 103 96 oL 85 |
Mean 100.5 | 93.5 | 90 a4 4,784 | 9.584
Edge 1 102 113 114 116 |
Cc9 Rdge 2 102 108 105 108
Mean 102 110,5 | 109,5 112 4,780 14,364
wdge 1 121 120 120 118
c8 Edge 2 112 112 107 107
Mean 116.,5 | 116 113.5 | 112.5 4,779 19,143
Edge 1 132 133 132 123 (total col
c7 lidge 2 119 127 125 137 spacingY. =[
Mean 125,5 | 130 128,5 | 130 4,790 23,933
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Table 2.27 Construction errors along row C site 3

Col | Ht above i Offsets (mm) Constructn
No. floor level Measured Reduced? Reqd C error e
: (m) A GA-AY) &Y x| (ecB)mh
c6 0,00 172=A% 0.0 0.0 0.0
0.70 179.5 745 0.0 ~7¢5
1.40 186.5 14,5 0,0 =14.,5
2,10 205 33,0 0,0 =53.0
C5 0,00 185,.5 13.5 Fols =441
0.70 1155 345 9.4 5.9
1.40 17645 445 9.4 4,9
2.10 195 23.0 9.4 =-13.6
ch 0,00 221 49 18,8 -30,2
0,70 2135 N 18,8 «22.7
1.40 209,5 375 18,8 -18,7
2410 208,5 36.5 18,3 «17.7
3 0,00 222.5 50,5 28,2 -22.3
0,70 208 36,0 2842 ~7.8
1.40 193 21,0 28,2 72
2.10 179.5 75 23,2 20,7
(9574 0,00 2353.5 61.5 37.6 =-23%,9
0,70 232.5 60,5 37.6 -22.9
1,40 230 58,0 37.6 -20.4
2.10 224,5 5245 37.6 -14,9
Cc1 0,00 219 47 .0=X1 47,0 0.0
0,70 220,5 48,45 47,0 =145
1440 224,5 525 47,0 ~5.5
2,10 226.5 54,5 47.0 =742
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che

C11

c10

C9

c8

C7

0,00
0.70
1,40
2.10
0,00
0,70
1440
2,10
0,00
0,70
1.40
2.10
0,00
0,70
1.40
2.10
0,00
0,70
1.40
210
0.00
0,70
1.40
2,10

77=ﬁé
92.5
97.5
104
94,5
96,5
108
118
100,5
93.5
90

102
110.5
109.5
112
116.5
116
115:5
112.5
125.5
130
128,5
130

0.0
15.5
20,5
27.0
17.5
19.5
31.0
41,0
23.5
16.5
13.0
7.0
25,0
33.5
32.5
35.0
39.5
39.0
36.5
3545
48.5=X2
53.0
51.5
53.0

0.0
0.0
0.0
0.0
9.7
9.7
9.7
97
19,4
19.4
19.4
19.4
29,1
29.1
29.1
29,1
38,8
38,8
38,8
38.8
43,5
48,5
48,5
48,5

0.0
=15.5
=20,5
-27.0

~7.8
-9.8
=21.3
=31.3
=41
2.9

12,4

3.3
0.0
~l 45
-3.0
~4,5




67

Table 2,28 Eccentricity errors along row C

et |
N

Site 3 (absolute values)

e, (mm) ef (mmz) e (mm) ef (mmz)
0.0 0,00 1.5 2¢25
Ted 56.25 55 30,25

14.5 210,25 75 56,25

33,0 1089,00 0.0 0,00
4o 16,81 1545 240,25
5.9 34,81 20,5 420,25
4,9 24,01 27.0 729,00

13,6 184,96 7.8 60,84

30,2 912.04 9.8 96,04

22,7 515.29 213 453,69

18,7 345.69 21«3 979.39

177 313.29 4,1 16.51

22,3 497,29 2.9 .41
7.8 60,84 6okt 40,96
T2 5184 “ 12,4 153,76

20,7 428,49 4,1 16.81

23.9 Brt.21 4.4 19.36

22,9 524 41 3.4 11456

20,4 416,16 5.9 34,81

14,9 222,01 0.7 0,49
0.0 0.00 0,2 0,04




@l

o

e
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5.29
10,89
0,00

9.00
20.25

2.3
3.3
0,0
4,5 204,25
3.0
4.5
247

2

9915,85 = ;522571
8 = 9,381mm

48

e + 1,645
10,89 + (1.64 x 9,3831)
26,275mm
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96

e = e + 1,646

Table 2,29 Eccentricity errors at site 3
o - 2 |
Site/row| =e =e, Mo, of
(m%) (mmz) readings n
3B 554.6 | 9939.22 48
3C 522.,7 | 9915.85 48
3 1077.3 | 19855,07 96
)
n
- 19%%42 11 .222mm
6= |xe2 - (Ze,I)2
n
n
2
=/ 19855,07 = (1077.3)
/95 = 3,9%4mm

= 11,222 + (1.64 x 8,994)

= 25.972mm
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2,3 Floor to floor (transfer) alignment

The errors in the floor tc floor alignment of the
columns were measured at sites 2 and 3 using 2 buildert's spirit
level and a scale rule, At site 3 where the columns have direct
contact (on the outer half of the column width), the builder's
level was placed along one of the edpesof the columns, and
with the help of the spirit level bubble, the builder's level
was made to lie vertically along the column, The offset of
the second column from the builder's level's edge was then
measured at the column~to-~column interface using a scale
rule (see fig 2.5). This procedure was then repeated on the
opposite side of the column, (see fig 2.,6). The column widths
at the column~to=column interface were also measured, Figure
2.7 shows the alignment error at site 3 in detail,

At site 2 where there 1s no direct contact between the
columns, the edge-lines of the lower and upper columns were
first transfered and marked on the slab edge (see fig 2.8)
with the aid of the builder's level, then vertical lines were
drawn through these marks, (see fig 2.9), The distance between
the two lines drawn on the same edge of the lower and upper
columns gives the relative displacement on that edge, The
column widths at the Jjunction with the floor slab were also
measurced, Figure 2,10 shows the alifmment error at site 2
in greater detail.



FIG 2.5 TRANSFER
AT

71

ALIGNMENT ERROR
SITE 3
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FIG 2.6 TRANSFER ALIGNMENT ERROR
AT SITE 3



FIG 2.6 TRANSFER ALIGNMENT ERROR
AT SITE 3



73

FIG 27 TRANSFER ALIBGNMENT ERROR
AT SITE 3 { IN DETAIL )
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FIG 2.%

MARKING

COLUMN-EDGE
SITE

ON
2

SLAB-FACE

AT
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FIG 29  MARKING COLUMN-EDGE  ON
SLAB-FACE AT SITE 2
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FIG 210

TRANSFER
( IN

ALIGNMENT
DETAIL )

ERROR

AT

SITE 2
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In all the readings below, Edge 1 #nd Edge 2 are
respectively the edges further away from, and nearer to,
the theodolite station (see fig 2,11). If an edge of the
upper column is displaced further away from thc theodolite
station than the corresponding edge of the lower column,
(as at edge 2 in fig 2,11), this displacement is booked as
positive, and vice versa for negative displacement,

The construction or alignment error e, between the
columns is given, (with reference to fig 2,41), bLy:

e, = 0.5h, +x, - 0.5h2

1

= 0.5(h, = h2) + % (2.6)

1
It was not possible to take measurements on all the edge
columne on sites 2 and 3 due to obstructions such as
expansion joints, progressing construction work , etc, and
measurements were not taken at site 1 because most of the
edge columns along which readings could have been taken
had already been rendered with 3aﬁkrete mortar, and access
to the others restricted by the time the transfer

alignment readings were to be taken.
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Edge 2 . Edgel

xq X
l I‘(-)' il =

“— bl
I !
to theodolite station

I hy

r

FIG. 2] ERRORS IN FLOOR TO FLOOR A LIGNMENT.




Table 2,30 Offsets between the ground and first floor

columns at site 2

FESE' Error X at Col width at juﬁétion-‘. Error €4
Moe | mdge 1 Fdge 2 with floor siab, (mm) | =O.5(h1-h2)+x1
{(mm) (mm) | Lower col h, Upper col h2 (mm)
B8 +20 + 3 223 240 11.5
B7 +7 -10 222 239 =1.5
B6 -5 - 4 236 235 ~14,5
BS -8 -18 228 238 =13,0
B4 -10 0 238 228 -5.0
B3 +U -7 225 236 =145
B2 0 -5 232 240 ~4,0
B1 15 0 228 243 75
B12 -5 =15 230 237 =11.5
B11 =14 +14 231 203 0.0
A +6 0 228 234 3.0
A2 +2 -4 229 235 -1.0
A3 =& -11 233 236 ~9.5
AL +6 -12 e 250 adel
A5 +15 -9 219 243 3.0
A6 +29 =L 211 244 1245
A7 0 -13 233 246 -6,5
A8 +4 =24 234 262 -10,0
A1 +11 =17 215 243 -3.0
A2 -9 =27 221 239 -18,0




RSEFRIE I

C1
c2
C3
C4

-2
+2

+6
+9
+20
+19

+11
-

-18

230
231
222
232
222
223
220
223
225
234
225
233
224

236
235
235
256
228
243
249
236
260
236
244
228
213

=3.0
4,0
=l y5
-15,0
3,0
=-1,0
5.5
12,5
-17.5
=1,0
1.5
-2.5

-12.5
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Table 2,31 Eccentricity errors between grond floor
and first floor columns at site 2(absolute

values)
- .
eq (mm) ef (mme) e, (mm) e% (mmz)
115 132.25 3,0 9.0
1.5 2,25 18.0 %324,0
4,5 20,25 3.0 9.0
13.0 169,0 4,0 16,0
5.0 25,0 4.5 20,25
1.5 2425 15.0 225,0
4,0 16,0 R0 9.0
T3 5625 1.0 1.0
119 132429 5.5 30,25
0,0 0.0 12,5 156,25
3.0 9.0 175 306,25
1.0 1.0 1.0 1.0
9.5 90.25 1.5 2425
3.0 9.0 245 6425
3.0 9,0 12.5 156,25
1245 156,25 ||£=213.0 S=2244,0
6.5 42,25 . e
10,0 100,0
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Sample mean eccentricity € = = “q

n
- 230
- 6.‘*55!!1!!1

standard deviation§ = ;_;ef - (= e1)2

n
n
2
= | 2244 = (213)
5 ]
33
= 5.132mm

Characteristic mean eccentricity e = e + 1,646
= 6,455 + (1,64 x 5,132
= 14, 871mm



Table 2.32 Offsets between first and second floor

83

Columns at site 2.

-

Col | Error X at Col width at junction - Error e,
Noe | Eage 1 | Eage 2 |yith floor sisb (mn)..__.} <0,5(m-k2)ex,
(o) (mm) lower col h1 Uper Col h2 G} :
A1 +30 0 205 235 15
A6 +8 +3 230 235 545
A7 =10 +36 246 200 13
A8 =14 =43 222 251 -28,5
B1 +13 0 221 234 6.5
B2 -5 -5 241 245 -7
B3 +20 +17 221 224 18,5
B4 +30 -7 223 260 1.5
BS +12 -18 223 253 -3
B6 -18 =24 228 234 =21
B7 -8 -9 229 230 -8,5
B8 +4 =29 207 240 -12.5
B12 +8 =25 215 248 -8,5
B13 +15 +6 228 237 10,5
c1 0 -20 222 2L2 =10
c2 +23 +5 224 24L2 14
C3 +12 -7 217 236 oD
ch +13 +5 218 226 9
C5 +9 -5 214 228 2
D1 0 -16 214 230 -8
D2 -5 -31 227 25% -18
D3 +4 -12 226 242 =4
D4 +3 ~20 207 230 -8,5
D5 +5 -24 220 245 -9.,5




88 IR

+7
+19
+11

-14

214
231
238
221

244
265
254
235
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Table 2,33 Eccentricity errors between first and second

floor columns at site 2 (absolute values).

2 2, 2 2 , 2
e, (mm) e% (mm™) e, (mm) ¢y (mm™) (e, (mm) e, (mm“)
15 225 8.5 72.25 18 324
545 30,25 A 12,5 156,25 4 16
1% 169 8.5 72,25 8.5 72,25
28,5 812,25 A 10,5 110.25 || 9.5 90.25
645 42,25 10 100 8 64
7 49 14 196 2 4
18.5 342,25 l 2.5 6425 3 9
11.5 132,25 9 81 7 49
3 9 l 2 4 ==275 |==3743
21 L4 8 64
€ = =e,
n
28
0 = _zef - (,291)2




3743 - (_@_’_?_2)2
28

28
6.101mm

e + 1,646
9,821 + (1.64 x 6,101)
19.827mm
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Table 2,34 Eccentricity errors between the floor

at site 2
y e R
2
Flecor =e, ze, Ng. of
(mm) (mm2) readings n
r“" . M - S
G %5 1 213 224l 13
1 to 2 275 3743 28
total 488 5987 61

0 = zef - (::?_1)2

n

n

2
= 87 - (488
3 (_E’I') = 5,843mn

61

e = € + 1.646"






