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Àppendix À

ESSENTIÀL PROPERTIES FOR À COOD OUÀLITY I{ORTÀR

ALl mortars should meet a number of imporÈant requirenents,

regardless of the type of building units used. An examina-

tion of the essential properties for a good quality mortar,

as used in conventional masonry (see Definitions), was used

as the basis for developing an alternative mortar for stack-
waIl construction. It was assumed that stackwall construc-
tion be classified as masonry work and that a person con-

structing a stackwaLl building be cal-Ied a mason. The 11

essential properties considered in this study are: 1) work-

ability, 2) water retention, 3) bond, 4) strength, 5) auto-
genous healing, 6) elasticity and flexibility ( internal
accommodation), 7) efflorescence, 8) durability, 9) volumet-

ric changes (shrinkage), 10) economy, and 11) appearance.

À.1 woRKÀBrLr!¡v [38- 40- 48- 57- 60- 6n]

Probably the singJ.e nost important property of a good qual-
ity plastic mortar is workability. workability may be

defined as the characteristic of a mortar which ¡nakes it
free-flowing and easy to spread r¡ithout the separation of

water or segregation of the solid materials of the mix.
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Mortar wit.h good workabiLity shoutd spread easily on

the masonry unit, cling to vertical surfaces, extrude read-

i1y from joints without droppi.ng as the building unit is
pJ.aced and at the same time have body so that it can support

the units and many courses without undergoing distortion. A

nortar with good workability a1lows the mason to fill the
joints without undue effort, thereby promoting better qual-
ity workmanship and increased productivity.

Interrelated factors affecting workability are: 1) the

guality of the aggregate, 2) the amount of water used, 3)

the consistency, 4) setting time,5) flowability, 6) adhe-

sion, 7) mass, and 8) the abiLity of bhe mortar to retain
wate r .

A.2 WÀTER RETENTÎoN [38- 40- 48- 5?- 60- 6â]

Water retentivity is the property of mortar that aIlows

to retain its water -- to resist loss to the air or

absorptive masonry units.

Mortar with high water retention means that the mortar

resists suction or absorption by the masonry unit. Con-

verseLy, a mortar with low rrater retention loses it.s mois-

ture quickly and may lead to a condition of ',pancaking".
Pancaking is a term used when the mortar stiffens so guickly
that intimate contact is not made with the building unit and

hence results to leaky walls.

it
to
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High water retention is also importãnt with 1ow-

absorption masonry units since it minimizes bleeding or for-
mations of a Hater plane at the interface -- a condition
which also leads towards poor bond. High nater retention
has one construction advantâge, it minimizes the need for
retempering (see oef initions).

Poor water retentivity rnay be caused by: 1) poorly
graded aggregate, 2) aggregate of loo large a size, 3)

insufficient rnixing, or 4) the wrong type of cement.

À.3 BOND [9. 38- 40- 48- s?- 60- 6nì

The bond betv¡een mortar and a masonry unit invoLves a combi-
nation of the degree of contact and the adhesion of the two

materials. Bond strength has no relation to the crushing or
lensile strength of mort.ar. A waLl built with good bond

strength will be weathertight (non-Ieaking betvieen the
masonry unit and the mortar). It will also be strong enough

to v¡ithstand stresses from high winds, vibrations, volume

changes and tenperature changes.

Three requirements are reguired for a good bond: 1)

the bond rnust have adequate tensile bond strength, Z, the
extent of the bond must be complete (mortar in complete con-
tact 'rith the masonry unit, rrith no discontinuities), and 3)

the bond must be durable so as to Last the 1ifetime of the
structure. Of the above, 2) and 3) are more important, as

they are key factors which promote watertight walls and wall
i ntegr i ty.



Factors affecting bond in masonry are:
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1) the type of
mortar used, 2) the type of masonry unit used, and 3) the
workmanship. OnJ.y the mortar aspect of masonry will be

dealt with. Some of the properties of mortar that affect
the quality of bond are its workability (or initial f J-ow),

water retention, setting characteristics, air content,
strength, voLume change and resilience. Other factors
affecting the bond strength are the workmanship, the ambient

temperature and relative humidi ty.

In general, studies have shown that high bond strength
is attained through use of mortars having high workabi j.ity,
high water retention, high strength and 1ow air content.
Protection must also be provided against harmful hot or cold
vreather and extra moisture must be provided during times of
l or¡ relative humidity.

Sumrnarizing, two key properties are required for a mor-

tar to have good bonding capabilities: 1) the mortar should
be a highLy workable plastic material that tends to filL the
interstices and irregularities of the masonry unit; this
wiIl provide a "keying" action Hhich strengthens lhe bond,

and 2) the mortar should be able to retain its moisture so

as to produce a more intimate bond (see water retention).



À.4 srRENcrr{ I12- 38- 40- 48- s?- 60^ 6ßl

Before 1920 mortars \,¡ere tested approximately

both tensil-e and compressive slrengths, and to a

extent, in !ransverse (shear tension) strength.
60 years though, most strength tests have been

sion.
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equally f or

much lesser

In the past

in c ompre s -

With conventional Portland cement-Iime-sand mortars,
the conpressive strength increases as the anount of cement

in the mix is increased in relation to the amount of water

used. This is true provided the mix remains l¡orkable. An

increase in water content, air entrai.nment or lime content
will reduce lhe compressive strength of a mortar.

Some have Èhe faLse impression that the stronger a mor-

tar is in compressive strength, the better it is. Àclually
as mortars are made slronger, they become more rigid and

brittle, and consequently become unable to accommodate the
movements and stresses caused by settlement, strong winds,

vibrations, earthquakes, thermal changes, wetting and dry-
ing. In areas of strong winds, vibrations and earthquakes,

reinforcement may however be required, in addition to tough

mortar.

Knowing that mortar must supporl various kinds and

degrees of loads, i! must possess an adequate strength with
a generous safety factor. Àt the same time, the other prop-

erties listed in this appendix must be considered just as

important or even more so.
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À.5 ÀurocENous HEÀLrNc [38. 48. 68]

Àutogenous healing is the ability of a morlar to reknit
itself after fine cracking has occurred. This is important
if voids are present or if small cracks develop in the mor-

tar or between the mortar and lhe nasonry unit, To have

this property, a mortar should have the composition and

properties which aIlow it to combine !¡ith constituents
extracted from its environment to rebuild breaks and to
restore integrality and stabi 1i ty,

A.5 ELÀSEICIrY ÀND FLEXIEILITY [38. 48. 68]

À mortar with a modest but adequate strength has greater
elasticity and flexibility than stronger/harder mortars
which are more brittle. Mortar $¡ith good elasticity and

f J.exibility wiIJ. resist deflections such as wind-sway and

lateral pressures with a minimal anount of cracking in the
bond belween the mortar and the units.

If a mortar can overcome or absorb a reasonable degree

of movement, it is said that it possess a degree of internal
accommodation to resist stress. Às the density and rigidity
(lack of flexibiJ.ity) of a mortar increases, the chances of
internal accommodation decreases.

If the mortar is dense and rigid, IateraL rnovements,

¡+hether due to deflection or to expansion and contraction,
induce stresses exceeding the bond strength resulting in
leaky walls. The reason for this is that rigid mortars pro-
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vide no relief planes to absorb the applied strains and

deformations. Às a result, these strains and deformations

are passed along the brick courses in an accumulative fash-

ion, often resulting in cracks such as a step crack.

If the density and rigidity are 1ow, the strains and

deformations are accommodated at a large number of leveIs

and tend to prevent excessive accumulaled bond stresses. ln

addition, the stresses due to expansion or contraction are

much lower because of the capacity of the mortar to yield.

À.7 EFFLORESCENCE [11. 38. 48. 60. 68]

EffLorescence of masonry appears as ugly white coatings or

scum that randoml-y accumul-ates on the exterior walls of

buildings. Some forms of efflorescence are temporary or

short-1ived but there also exists a troublesone permanent

form. The permanent form wiIl subside or even disappear as

a result of rains, but will recur again and again for many

years. This latter form will not only destroy the appear-

ance of the structure, but will in time cause the disinte-
gration of the mortar and spalling of the masonry units.
The end result is leaky waIIs and costly restorative mainte-

nance.

The composition of these

efflorescence is usually some

carbonate or chloride var i ety.
sodium, potassium or calc i um.

deposits known as permanent

salt of either the sulfate,
These salts may be t.hose of

The primary types of soluble
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alkali salts is usually sodium suLfate and potassium sul-
fate. Less often these salts are found in the carbonate and

even bicarbonate forms, ones of sodium or potassium. Other

chemical forms of efflorescence exist, but to a much lesser
degree than those mentioned above.

The permanent form of effl.orescence is due primarily to
the soluble alkali salts that migrate from the masonry

interior as a solution, and upon drying recrystallize on the

rnasonry facade, leaving thè stains. The tendency for this
to occur is enhanced by the presence of water in a masonry

wall and by sufficient time to a1low the water to dissolve
the sal-ts and seep to the outside.

Without going into great detail, the causes of efflo-
rescence can be broken down into four categories: 1) faulty
workmanship/construction pract j.ces/design that a ) aLlow

excessive moisture to penetrate the buiJ-ding units during
construction, and/or, b) al1ow excessive moisturé to pene-

trate into the finished masonry work, and/or, c) prevent the
masonry from drying out in the event of excessive moisture
penetration; 2) efflorescence potential ¡,¡ithin the masonry

units containing any form of atkali sal.t; 3) efflorescence
potential from the mortar materials -- portland cement,

f.ime, unvrashed mason's sand, water that is partially salty
or extremely hard; and 4) environmental conditions such as

areas of high rainfall or air containing sul-furous po11u-

tion.
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À.8 DrrRABrLrry 110- 38- 40- 48- 60- 68.|

In any form of masonry, durability refers to the ability of

a structure to maintain substantially its original appear-

ance, strength and soundness for yèars. A mortar that is
durable shouLd be able to resist elements of weather such as

high winds, freezing, thawing, wetting and drying cycles.
Chemical attack from atmospheric contamination (air pollu-
tion) and sulfate soils may also affect masonry's durabil-
i tv.

A mortar that forms a permanent and complete bond, and

is properly tooled so not to produce ledges to collect and

hold r¡ater, thereby making the structure watertight, is a

prime prerequisite for durability. Under freezing condi-
tions, weathertightness prevents the disruptive effect of
subsequent ice crystals in the wall.

For about 20 years some researchers have attempted to
correlate durability of masonry soIeIy on laboratory (arti-
ficial) cycles of freezing and thawing. If the mortar dis-
integrates in relatively few cycles, they declare that it
Iacks durabi t i ty.

When dealing with the subjecÈ of durability of nortars,
one must really consider all of the following interrelated
considerations: empirical information, statistical data,
autogenous healing, efflorescence, air content, effect of
f reez ing and perrneability.
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Empirica). information on Èhe durability of mortars is
based purely on history, observation and experience. Sta-

tistical data is also empirical but based on a statistical
analysis of the mortar practices that have been both suc-

cessful and unsuccessful. Autogenous healing -- the ability
of a mortar to reknit or reconstitute itself after fine
cracking or in filling up original mortar voids, is a defi-
nite asset to\,¡ards durability. Existence of permanent forns

of efflorescence contribute !o the disintegration of mort.ar

and masonry. Air entrainment improves the durability of
mortars but the volumetric content should be limited to five
to 10 percent so as not to affect the bond at the mortar and

building unit interface. Dried mortars are sensitive to
freezing onJ.y if they get completely saturated with r.'ater

(due to separation cracking or poor workmanship) and are no!

able to lose this moisture rapidly. PermeabiLity is the

absorption of moisture through pores in rnortar and building
units and by leaks through voids and cracks in the mortar
joints. PermeabiJ.ity is detrimental to the durability of
mortar or buiJ.ding unit if it has a difficult time drying
out rapidly.
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À.9 VOLT'I.TETRIC CHÀNGES (SHRINKÀGE) [40. 48. 68J

CycIic volume changes occur in all mortars when subjected to
wetling and drying, However, there is less shrinkage with
mortars of lower but adequate strength. Hard, high-strength
mortars tend to shrink after hardening, producing separation
cracking between lhe mortar and building units, resulting in
a loss of bond.

Weaker mortars are also able to accommodate greater

building unit shrinkage than stronger mortars through longer

time lapse (greater creep effects) prior to failure. tt has

been shown that walls containing veaker mortars, when sub-
jected to full shrinkage restraint, have a higher tensile
strength [40] .

À.10 ECONOtfy [38. 48]

À mortar should be economical to use. The initial cost to
obtain the materiaLs to make the mortar is one factor to
consider. However, this is not enough. Secondary economic

factors nust also be t.aken into account.

If the mortar tends to stick well to the building
units, this is an econornic factor since there is less mortar
wasted by droppings. If Iabour cost is involved, high work-

ability will lower the labour time spent in rnixing and lay-
ing the mortar. Mortar that has sl-ow setting characteris-
tics also offers economy by minimizing the time spent in
reternpering (see oefinitions). FinalIy, a mortar that is



durable and requires a minimum amount of

tributes to an economical mortar.
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maintenance con-

A.11 ÀPPEARÀNCE [60]

The overaLl appearance of a masonry structure is affected by

the appearance of the mortar joints. It follows that the

mortar itself must then have a pleasant appearance. Factors

contributing to the appearance of mortar joints include uni-
formity of color and shade, uniformity of texture and thick-
ness and the workmanship involvèd in tooLing the joints.

The color and shade of the joints are affected by the

moisture content of the masonry, admixtures in the mortar,
atmospheric conditions, uniformity of proportions of the

mortar mix and the time of tooling. Good uniformity of tex-
ture depends on careful measurement of batch proportions
from batch to batch and also on thorough mixing. Even joint
thickness and consistent tooling, both the results of good

workmanship, contribute to good appearance.



Àppendíx B

TESTING DAÎA ÀND PROPERTIES OF CLÀYS

For the clay mortar testing, the volume of tests dictated
the use of hwo bags of c1ay. Àlthough the tlro bags of clay
came from the same area of sampling, just different bore-

holes, a set of soil properly testing was carried out for
each bag. The clays used from the first and second bag

were designaled as CIay Samples and/or Nos. 1 and 2 respec-

tively. The property testing done on each of the clays
were: moisture content, hydrometer analysis (for the eguiv-

alent grain size distribution curve), Àtterberg Iimits (liq-

uid and plastic Iimit) and specific gravity.

CIay Nos. 1 and 2 both came from the southwest part of

Winnipeg, Canada. Upon inspection of lhe samples, Clay No.

1 was described as a f irm, varved, greyish-brown, silty clay
with traces of gypsum and organic matter; Clay No, 2 was

described as a soft, varved, brown and grey, silty clay with
traces of gypsum, organic matter and pebbles. The depth at
which Clay Nos. l and 2 were sampled was one t.o nine feet,
and one to 10 feet respectively. Clay Nos. 1 and 2 were

used for Mix Nos. 1 to 5 and 6 to 11 respectively.

To preserve its in-situ moisture content, the soil was

always kept in closed, clear thick plastic bags. The Iength

- 294
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of storage before the first use in a mortar mixture was

approximately six months.

Periodic moisture content tests showed Clay Nos. 1 and

2 !o remain at a constant moisture content of 33 and 39 per-

cent respectively -- this indicated that the thick pJ.astic

bags were effective in preserving the natural moisture con-

tent. Tables B-I and B-II shows the first series, as an

example, of the moisture content tèsts performed for Ctay

Nos. 1 and 2 respectively.

The hydrometer analysis, Iiquid 1imit, pJ-astic limit
and specific tests were performed following the procedures

used by the Soil Mechanics Laboratory of the University of

Manitoba. These procedures follow closely the following
ASTM standards: ÀSTM D 421-58, Standard Method for Dry

Preparation of Soil Samples for Particle-Size Analysis and

Determination of Soil Constants [1] -- photograph B-1 shows

the mortar and pestle used for breaking up aggregations of

soil particles for the clay property tests; ÀSTM D 422-63,

Standard Method for Particle-Size Ànalysis of Soils l2l i
ÀSTM D 423-66, Standard Test Method for Liguid Limit of

Soils [3]; ÀSTM D 424-59, Standard Test Method for plastic

Limit and P!.asticity Index of SoiLs [4]; and ASTM D 854-58,

Standard Test Method for Specific Gravity of SoiIs [5].

For the hydrometer analysis, changes were made to Sec-

bions 8.2 and 8.3 of Standard ÀSTM Ð 422-63 1,21 . Wirh
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Table B-I

llolstu¡e Content of Clay llo. 1

Sanple No.
Tare No.
Welght Tare and t{et Soll (e. )
Helght Tare and Dry SoiI (g. )
t{e ight Water (g. )
Í{e ¡ght Tare (e. )
Welght Dny Soil Soltds (g. )
Moisture Content (t)

1

KVl1
1,676
7 ,326

350
266

1,0ô0
33.0

2

429
38.99
32.16
6.83

10.51
21.85
31 .5

HV11
999
814
185
266
548
33.8

Average ¡tolsture Content (f) 33

Table B-I I

llofrture Content of Clay No, 2

Sanple No.
Tare No.
Height Tare and t{et Soil (g. )
¡{eight Tare and Dry Soit (g. )
t{eight t{ater (g. )
Welght Tare (9. )
weight Dry soll sotlds (g. )
¡loisture Content (t)

1

AJ
120 . 58
93. 43
27 .15
24 .64
68.79
39.47

2

AP
752.74
ro2 .22
29.92
23.05
79 -17
s7 -79

3
59

r22.73
95.29
27.44
24 .30
70.99
38.65

Average lloisture Content (t) 39



Photograph B-1¡ MorLar
ing Up Aggregations of
Property Tests -- pestle
Mixing and in Breaking
tar for Remix Mixes

and Pestl-e Used for Break-
Soil Particles for Clays
Also Used in Clay Mortar

Up Hardened Lime-Sand Mor-

respect to Section 8.2, a 60 grams-per-1itre solution of
sodium hexame tapho spha ! e was used to disperse the clay sam_

ple instead of the specified 40 grams per litre. When cali_
brating the hydroneter, the same solution of 60 grams per
1iÈre was used. This stronger solution is recommended for
Winnipeg area cLays. With Section 9.3, the soil mixture was

dispersed in Apparatus A (electric mechanical mixer) for two

minutes instead of the specified one minuÈe.
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?wo independent hydrometer analyses were perf orrned for
each cJ.ay. For Clay No. '1 , the resultant first and second

hydrometer analyses are respectively shown in Tables B-III
and B-IV. The respective equivalent grain-size distribution
curves for these two tests are shown in Figures B-1 and B-2.

Comparing these two figures, negligible difference is seen,

thereby indicating the accuracy of the two tests.

For CIay No. 2, the resultânt first and second hydrome-

ter analyses are respectively shown in TabLes B-v and B-VI .

The respective equivalent grain-size distribution curves for
these Èwo tests are shoirn in Figures B-3 and B-4. The simi-
i.arity of the two curves indicates the accuracy of the tero

tests.

Figures B-1 to B-4 indicate that both soils are silty
clays. The level of silt in both clays are about the same;

for CIãy Nos. 1 and 2, the level was eight and 10 percent

respectively. Percentage of clay particles in Clay Nos. 1

and 2 were respectively 82 and 72 percent by weight. This

10 percent difference gave lhe vertical shift between the

grain-size distribution curves of the two clays. Besides

Èhis shift difference, the shape of the grain-size distribu-
tion curves for the two clays are identical.

The resul!s of the liquid and plastic limit (ÀÈterberg

limits) tests for CIay No. '1 are shown respectively in

Tables B-vI I and B-vIII. Resul.tant Iiquid limit (w") from
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the fLow curve at 25 blows is 88 percent. The p).astic limit
(wr) was found to be 36 percent. with these results for

CIay No. 1, the plasticity index (Ip), defined as

yieLds

w¡ - wpr

88-36
Êaq

For CLay No. 2, the resulEs of the liquid and plastic

limit tesls are shown respectiveJ.y in Tables B-IX and B-x.

These Eabtes show the liquid limiÈ to be 81 percent and the

plaslic limit to be 32 percen!. The pIâsticity index (Ip)

of CIay No. 2 is calculated lo be 49 percent.

with respect to the Àtterberg limits and t.he plasticity
index, little difference $as noted beteeen the tro ctays.

The results of the specific gravity tests for Clay Nos.

1 and 2 are shown respectively in Tables B-XI and B-xII.

These tables show the specific gravity for Clay Nos. 1 and 2

to be 2.85 and 2.81 respectivety. Little difference is

noted between these values.

Using the soil testing results of the lvo clays exam-

ined, and the Unified SoiI Classification table (vrhich

includes a plasticity chart) in Reference 6 [p. 16] , boÈh

clays are ctassified as inorganic clays of high plasticity:

fat clays (cH). This type of clay, as recorded in the

IP

IP

IP
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being poor in lerms

malerial.

in Reference 6 [p.

of its workability
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171 , is Listed as

as a construction
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Table B-VII

Liquld l,imit Test Data for Clay No, 1

ATTEREERG LIMITS

Pio'Icl
tE!? HoLE ro. -----Ai5-s¡rpre -L--.t!es¡:)- o:rrx !e-9-5¡¡¡-
!Ar.ÞL¿ oEsc¡ÞTþN Gerrrs" - Bc"*^r. 5,--" .Curr. Cc¡,¡¡-\^1,-"

-touto Ltvll 2 t a t a

rArE ¡o K_qå_
35

U5 r Ja¿ c,t 'lr
¡o. lLows 2 t? lÁ R e
11*ll torl + l^lr B¿..9ô 6ct. õa -ì¿. ? r \c. aa
fti DtY tôtL + f^¡] 2L 1^ ?4 7L
rf. t^lÉl q. ô3
wt l^ tt tR lô tÈ t? \A_ 92 )A A2
wl, o¡t lor! Âôá lt ?? q. qr R q1
TAÍIF CONlEFT. .l EB. 5 9ô. Ê qc ô 99. ¿, I o7 I
PttSf tc Llvtl 2 .l raltl c6taTl N1
ta¡t ri o.

w¡.w6f lotl + l^rl
wL DFr lorl+l^¡t
wL s .rtI
w1. fAit
Tf. otY gotl
w^lEl @¡1lrr, z

cc

9¿

90

ta

t
f

Lrrrl, rt .88

tl^llrc UYll, Y, ¡ 361

ñ'Ë;j'"' tt'521,

lt'

|zrÌEo -l;)trl+-=- D 1e.

coFrrf€o -.Á-l-Z- oArE

u¿cx¿o 3J2- o^tz

SOIL MECHAI{ICS IISORATORY
*A¡ltalNt oa cfvrl- el(ta:Etrl¡c

UN¡VE¡¡IIY OF ¡¡AIIIIOIA
FOÍl (¡¡liY v^¡atatr



Table B-VI Il

PLasËie T,imlt Test Data for Clay No. I

ATTERBERG LIMITS !I 

-PFOICI ì

t:!f HolE ro ------.4:-5-!^¡pLE -.]-lç!Àl)- D:rrx -\-lel-frÉr-
!Ar¡4E o€sc¡Þrg¡ G cr "'. * . Be** - S,r- r C,rr._33g9-*p-..--\Iù-B-

-tôuro Llrll 2 I 1 a a

tatl rao,

to. aLowl
ftì wtl 30rL + ratt
rE otY lotl+f ¡

wf.lAtt
wL orY torL
t latae aân1aLLz

'u91rc Llurl 2 t ral:t eofl 1: llT
fAñ: r{ o. 774 à(-
rr.w¡r 30tL + lall ¿a. o5c 13.29å
,t- ôÊr lotL + talÉ
wL PAtÊ¡
T1. f^tl 7A À\
lft. otY sott
w^lEt @¡ÎtHf. Z

.!Li.irl

ilü
:::¡ll

a!r!r3¡_YAl¿¡.l'

¡

¡

LrqurD uvrr, wt ¡ 88 7.

ll^rllc Llxll, Y, . 36 7

tL^¡1tcrlY - - ;,l¡c¡x. '?'>LIè
lxollr lt .

10uôH x talr¡ro¡xr 'Ì'

r€BrED -_¡JJ__ D rE Le_¿-91¿11å_
cot*Q¡zo 4Í7. l,¡ÌÊ, 22J-ejJ-93-
ørzcxzo Q !? o¿¡tE oá/ôB/ a3

¡OIL MECHANICS LAæRAÎORY
cÉA¡'l'Mart 0¡ cfvl! Þ{(¡tlE¡rNc

uNrvÊn¡rfY o¡ H^r¡totA
F(Nl 6^ttY u ¡aftôa^
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Table B-IX

Liquid Limít Test Data for Clay No. 2

ATTERBERG LIMITS at-

Pf,O¡Cr
Ì¿sr HolE ro. 

--:=--!a¡pl: 

-Z--(ls¡:I- oGpll l-.fe-.!Q-fss!
!^rtLE oEsciprn Be*¡ \-. Gecv S''-' C.rv \t,rs T*¡cts -0¿- P-reer¡å
GÂu-À !,'ú MôrÎ^É À-È PETTLE T,L. ìoo'L ã..r,nô Nò, ao Sìr!É.

Ltouto Ltull 2 t { I a
r^¡3 r{o fzô \ra^ 7AA à¿^
ro, alowl 35 ¿1 23 C.

tl: Pt¡ torl+ f tt 39. A5 3¿. Âô 39-çl 35. I 
-l 4õ-As 2.À q/-

wl o¡Y llotL + falt ?? q,
wf. w^ÎEi ? ìq '7 õ2
wf, tAi¡
wf. oiY tort q ô.6. q. ôÒ q- i2 ?-1 1
w^t¡a co¡T¡ù!. z lq q Ê1.2 R?ô qô. ê q¿ ?
pLAgTtc Lt ¡¡ tt 2 I ralll col{f zNT
1Aâ¡ llO.
Ít wí s9rl .1Ail
rf. otlY lorl +1AÂl

I'. w fER
wÎ. f^i€
wl, otY lor L

$AfEr @Nfllr 17

7a
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9ô

a¡
It

...¡"r., ¡ ¡. ,.,,,, 
" 

r 1i

.. I¡*FFE# .'-:-:.:*+rä$fl +;?{ìälfrli l
," Fry.i i!!¡*iffift iiilr.Ïnü i

I

I

rElrÉo _-À:¿=¿- 0rrr -15_LQiLLÞl-
cot/4^¡'¡zo -1J{-2- o^1 ¿ 21,.L93J-a3-
crr.ct o -ll]- o^r¡ -9-4-Leê-¿3å-

iOIL MECHANICS LAæRATORY
oaa¡Tx¿NÎ ()¡ cfvÈ EN(¡{IE¡|NG

uNrv€¡¡rÎY o¡ x^¡¡¡tol^
¡ol1 (¡ tlY l¡¡r.Îôt^



Table B-X

Plastlc Limlt Test Data for

ATTERBERG LIMITS

Clay No. 2

tI-

b^rÊr LLÀJ lYtôR1^Ê. - lHÉ l\èR+qtRN ñOrg {G t. ôhq,_:Ee

r:sr roLÊ no. 
- 

s¡r¡pl: ¿-Gr¡l- o¡?rx l-=rlg-.ÊEr.
llr¡n E o¿Bcñl?Îro¡ -\.,-t¡-.fs¡r.:..0r.-ÈeÂ-tsr'

tôutD Ll9l'r 2 I ¿a I a

lAit N0.

wt wll ¡lot¡-+ lalt
wlì OtY llorl + f^ir
ffi. wAtt¡

wf. ô¡Y lorL
t^laÞ c¡xtt¡¡t .l

?LASTIC LI¡¡ IT 2 ¡ WAÎEI COdfE NT
1A¡l rao. À7Á
ffi.w91 sotl + l^it 21. l4ì 5 BBF
wt 0ñr lotl+r^Ft q -qú"e 22,r1t
wÎ. T rEn 2.9a¿ a 2 2a
gt. tatl I t- o2 lô. ?R!
wt.oBY totL
wafÉi cor¡Î¡r.T. z f 2. \ r 11. 1ô

:ti]:l:E]Etæ::ii
:iþffiFlth¡ä i. i I

1fËË::ti

+*ffi+++
:r=1ttlÈEH: r::
l:ll:l3ë:ii:

l++Flt¡tH: iii
Ì : I i : - l l 

j 
i r ' : I : : : i r I

F

tttf¿D -ß.JJL- o^rE 2l.þ-3Jê-1-
cor,¡¿o j-{2- o¡ÎE ?¿þll-93
cxzcxzo i{f}-- ot¡E .È-193-¿-e3-

SOIL MECHANICS LABORAIORY
oEArÂlMENr OF OVIL E¡¡CI{ÉEF|NC

rJN¡V¿¡SrlY OF M^¡r¡lOtA
FOtl t¡ l¡Y U¡J¿r?ôr^
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Table B-XI

Specific GraviEy Test Dara for Clay No, I

SPECIFIO GRAVITY TESfS It¡ 

-
¡¡¡,¡¡ç¡ Cr¡.v- Moc.'r rc. -Tse Noa-'.eer- Ho,,s,*c Co'¡tl,lls!__
1€!r Ho(Ê ll0. A' S !¡r]rr xo. _LG!¿:rIo¡plH I Ì" q_ ç.. r
otscrtlÌrol¡ o¡ s¡¡rl:¡@

0c G'

Vl," A C r.-. \a", R-'.. . C¡*e \.:.. -r^*.- 1. ai N"' -T- Be¿¡."
\ Þ--- -, -- a - -1 r^^'l ct ., r,l- r^ s..-.,-

aL^lx xo. ßB al
TH:Rr,¡O¡:1ll ¡O,

rl. ¡L^lx. oñr sotl-
w1. ¡tA3r(
It l. ôlY tolL, Wr

tt|¡a t ¡oal v^ct uu
*1. tl^tr a P^flt a lOlL. lYrs¡
ta¡P. oa lutftÈltot, 1. €,,

ivÎ. rL^tX a lY^111. rrr c6 r. 91 1,

co8t3tv¡
90rLs o¡LY

av^?. otsH ¡o.
wf' Div solL. lAlr
wt. f^tE 15t. -ì 7
W1. OiY tOlL. wr Lq ¿lq.

sPEC t¡ rc o¡AvrlY, a¡ 2 AA 2 à9
avlt^Gt !Þtcttt¿ Gl^vtlY 2. Aq

aoñ9uta:

wHtit

.'-#..ñr,. +
aa..!?:Cl¡lg ciavlÌv Ot lOLroS fbased at 20oC)
lvt . llf. Ot Oll EOIL

lv¡r. Tl. Ot rlAgx + TAIEI Al l. C,
(rror celrlrerrol curv¡ ¡o¡.!^!Á)

q.r. wf. O¡ fl^li + r^tti + toll A1 1. C.
c- = RelaÈive Density of water at Toc
G1^- Relative Densitv of llåteE at 20oC

,rsrror.K-{2.- DArr | ¿!-93lb¿-
collut.ù î.-{JL o^l¿t ZAhzlSL
cl¿ç¡\zot g-Í2- o¡r :: ?!þ3-19-?-

sot- MECHAN|CS L^ænATOnYtatt¡tt¡lxr 0f cttt Ex(t¡e¡tNô
ulltvtn&tY o¡ uâ¡{tt(tt^
¡o¡f (¡a¡tY ¡a^HÎol^
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Table B-XII

Specific Gravity Test Data for Clay No. 2

SPECIFIC GRAVITY TESTS It¡ 

-?ioJ€cr !I¿lf-l:\¡a,rè8,-:-.'!.rü-Nes]ll.a¡ È--8.9e.-a,Èç-!9la¡¡-!:r :r Er.-__
r!3r H(l.: rio. -----------:-- !r Fr.: xo. 2-ß:¡:I oerrH \ rô lg FEEÌ

oagcrltllo¡ oa t^ltla! JôFr, ìÀR!€o eRôwr¡ ÁNÞ \rcEr '
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Àppendix C

TESTING DÀTÀ ÀND PROPERTIES OF SÀND

Throughout all of the tests, sand was used in every mortar

mix. The source of the sand was kept constant, thereby

keeping the properties of the sand constant. Vi.sua1Iy, the

sand was described as a Light brown, dry, loose, homoge-

neous, poorly graded, clean sand consisting of sub-angular

particles.

Table C-I shows the moisture content test results of

the sand. The moisture content, as suspected, proved to be

neg).igible at 0.075 percent. The sand was always in this
dry state whenever used, and was assumed to have a zero

Table c-I

¡lolsture Content of Sand

weight of 'fare No. L-V111 and Wet sand (g. )

weight of Tare No. L-V111 and Dried sand (9. )

weight of water in Sand (g. )

Tare Weight of Tare No. L-V1lI (g. )

Weight of Dried Sand (g. )

Moisture cìontent of sand (t)

808.69
808.24

0,45
204.60
603.64

0.075

moisture c on tent

-319-



320

To determine the properties of the sand, a sieve analy-

sis and specific gravíty tests were performed following the

procedures used by Èhe SoiL Mechanics Laboratory of the Uni-

versity of Manitoba. These procedures fo1loç closely the

following ÀSTM standards: ÀSTM D 421-58, Standard Method

for Dry Preparation of Soil Samples for Particle-Size ÀnaJ.y-

sis and Determinatíon of SoiI Constants [1] i ÀSTM D 422-63,

Standard Method for Particle-Size Analysis of Soils [2]; and

ÀSTM D 854-58, Standard Test for Specific Gravity of Soils

t5l.

Results of the sieve analysis is shown in Table C-II.
From this analysis, the grain distribulion curve (mechanical

ana).ysis) is shown in Figure C-1; this curve is identical !o

the one shonn níth Table C-II but is in nore detaiL for fur-
ther analysis.

To help describe the particle size distribution of the

mortar sand, three parameters were used -- effective diame-

ter Dr o, coefficient of uniformity CU, and coefficient of

curvature CC. Effective diameter, also known as the effec-
tive size, is defined as lhe maximun particle size at 10

percent passing of Èhe sieve analysis. The uniformity and

curvature coefficients are defined by the following mathe-

natical eguations:

Cu = Dse/D1e

Ca = (D3o)2/(Dso x Dro).
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Table C-II

Sieve AnalysÍs of Sand
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D6s and Dso ärê respectively the maximum particle size at 60

and 30 percen! passing of the sieve analysis, From Figure

C-1, page 322, D1j, D36 and D6s wêrê found to have the fol-
Iowing values:

Dro = 0.'1 6

D¡o = 0.24

Dso = 0.34

Hence: cu = 0.34/0.16 = 2,1

cc = (0,24)2/ (0.34 x 0.16) = 1.1

Using the soil testing results of the sand examined,

and the Unified Soil Classification table in Reference 6 [p.

161 , the sand is classified as poorly graded sand with small

amount of fines (sP). This confirms the inicial visual

description of being poorly graded. It is important to note

at this point that the term "poorly graded" as used above is

defined as used in soil testing -- soil material predomi-

nantly one size or a range of sizes with some intermediate

sizes missing. For a geologist, the above definition would

instead be termed "well graded". This type of sand' as

recorded in the Engineering Use Chart of Reference 6 [p.

171 , is Listed as being fair in terms of its workability as

a construction material.

mm.

mm.

mm.
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The results of the specific aravity tests for the sand

is shown in Table C-III. From this table, the specific
gravity of the sand was calculated Lo be 2.71.

To determine the weight of sand to be used in the volu-
metric proportioned lime-sand mortar mixes and to be able to
convert the weight of sand used in the clay mortar mixes to
volumetric proportions, the apparent density of the sand

used is needed, To determine this, two density measurements

vrere taken of the sand. One measurement involved rough

shaking of the volume measuring container r¡hiIe fitling it
up with sand. For the second measurement, there was no

shaking involved. Table C-Iv shows the results of these tv¡o

respective measurements to be 109 and 97 pcf. The average

of these two values is 103 pcf; this value r¡iII be assumed

to represent a condition of gentle shaking of the container.

With reference to Lea [45r p. 361], dry sand poured

into a container Hith gentle shaking is listed as having an

apparent density of 95 to 105 pcf, The above value of 103

pcf. is within this range of values. Midway in this range

is lhe val.ue of 100 pcf this is the apparent density
value used for the above sand.
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Table C-Ill

SpecÍfic Grâvíty Test Data for Sand
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lrble c-lv

Iêerured Apprrcnt lÞnslty of t¡r¡d

Degree of
Container
Shaklng

volu¡e of
Contalner,/

sand
(ft.3)

Helght of
sand Alone

(g. )

[(]bs.)]

Apparent
Denslty

(pcf . )

Rough

None

0.125

0.125

6 ,207
[13.68]

5,515
[12.16j

109

g7

Average Apparent Den8lty 103



ÀppenóÍx D

INFORMÀTION ON FLAX STRÀW (FIBRES)

Flax strav¡ was used as the source of fibres for the clay

mortar mixes. For the description of a flax plant, see Def-

initions . Flax strar¡ can become readily available
wherever grain farming takes place.

Obtained for the clay mortar mixes was one bale of flax
straw. The approximate dimensions of this bale was 14

inches hiqh by 18 inches wide by 40 inches in length. In

its dry state, the bale weighed 28 pounds giving it a baLe

density of 4.8 pcf. It is realized however, that this bale

density is only indicative and can change depending upon the

degree of packing when the bale is made.

Figure D-1 shows the two basic parts of flax straw, the

stem and the flowering cLuster. Both of these parts consist
of a straw 1i ke core nater iaI with threadl i ke f ibres
("1inen" -- see Definitions: "fIax") wrapped around.

To determine vrhat approximate length to cut the flax
straw, an initiaL aspect ratio (length to diameter -- t/d)
of 30 lras used. This aspect ratio !¡as found to be

favourable for steel fibre reinforced concrete so as to pre-

vent the balling of the fibres when incorporated into the

-327-



PLAX STRAW

Flax Straw
Part

PoinÈ of DianeEer
Measurement

3) Mid-Height of
Flowering CLus t er

Flowering
CLuster

{- 2) Mid-Helght of stem

{:- 1) Near Èhe Botton of SÈen

Flgure D-1 : Flax sÈra!¡ and its Points of Dianeter Measurenen!

328

mix (see Subsection 3.1.1 ' Preliminary Literature Search).

Before the aspect ratio could be determined' the diameter of

the flax straH was first measured.

The diameter of flax straw is non-uniform. To get an

average diameter, on 10 samples of flax straw' three points

of measurements were taken -- one near the bottom of the

stem, one at the mid-height of the stem' and one at the mid-

height of the f J.owering cluster. These three points of meâ-

suremenls are shown in Figure D-1. The results of lhese

measurements are in Table D-I . From these ¡neasurements and

a study of the aspect ratio with Table D-r, it was dec ided

to use the flax straw in one-inch lengths. The average

aspect ratio of flax straw cut to one-inch lengths r'¡as 18.
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Flax

Table Ð-i

Straw Dlaneter lleaeurenents

iJiameter of ¡'1a.Y Straw Parrl

l lower ing Cluste

Measurement
No.

Near tso t tom
(inch)

Mid-Height
( inch )

Mid-Height
(inch)

1

2

3
4

tt
7

8
cl

l0

0.0ri5
0.069
0.092
0.091
0.0?8
0.071
0.065
0.0?5
0.071
0.080

0.055
0.059
0.059
0.060
0.056
0.0?6
0.060
0,052
0.060
0.059

0.035
0.033
0.029
o . o2'l
0.041
0.030
0.030
0.034
0.034
0.033

Average o. o? fi 0.0ti0 0.033

overal. I
Averase 0.05ti

Notesr ¡) 'fhe .tength of flax straw required for an aspect ratio (1,/d)
of 30, using the overatl. average diameter, is:

.l =30xd=30(0.05ô) = 1.68 inches
Usel=oneinch;

2) The average aspect ratio ¡{ith flax straw cut to one inch
Iengths is;

Average aspect ¡atio = l/d = f.0/0.056 - 18.

1-See Figune D-l, Þage 328.
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To cut the flax straw into one-inch lengths, four dif-
ferent methods were tried: 1) knife, 2) tin shears, 3) tin
shear press, and 4) household scissors. For each method,

the cutting edge was sharp and a bundle/group of straw (Pho-

tograph 2, page 18) of about one-half inch in diameter was

cut at a time. The method of using a knife (with an eight-
inch blade) on a cutting board proved to be labourious and

difficult at times. Cutting with the tin shears involved

Iess effort in accomplishing the cut but the short length of

the cutting edge (two and one-half inches) and the long han-

dte (seven inches) made it an awkward job. The tin shear

press also accomplished the cut with ease but the setup of

the press made it difficult to see the cut length wit.hout

some form of scale setup on the table. Another problem with

the tin shear press was that it !¡as a relatively high-cost
piece of equipment, thereby making it not as readily avail-
able in pracLice. The fourth method of using an ordinary
pair of household scissors, with a cutting edge length of

three and one-half inches, proved to be exceflent. The

scissors required very little effort in making the cut and

were easy to handle.

The rate at which the straw was cut into one-inch

lengths was 0.86 pounds per man-hour. This rate was calcu-

lated from the stra!, cut using alL of the above nethods but

with the majority of the cutting perforned with the house-

hold scissors.
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To be more precise, it should be noted that the flax

straw was cut to one-inch averaqe Lengths; lengths shorter

and longer Èhan one inch were included. Figure D-2 illus-
trates how a straw not positioned evenly in a bundle can be

cut shorter than one inch. Straw that is bent in a bundLe

can be cut into a length that is longer or shorter thân one

inch; this phenomenon is illustrated in Figure D-3. Bent

fLax strav¡ is more prone to occur with the flowering part

due to its smaller diameter.



4321 .{-- cut No.rtti
Flax Straw Cut
Shorter lhan lrl
ín No. 2 CuÈ

Bundle of
Flax Straw

Flax SÈraw Cut
Shorter than l,
in No. 4 Cut

L,+,T,t]
Figure D-2: Flax Strâ\r NoÈ Posltloned
Being Cut Shorter than one Inch

Evenly ln a Bundle

4321 ê Cut No,

Flax Straw Cut
<- Longer than l"

in No. 2 Cut

Flax StraÌr Cut
<- Shorter than l"

in No. 3 Cut

tt+l
Bundle of

Flax S traÌt

Figure D-3: Flax SËraw Bent ín a Bundle Being Cut Longer
or Shorter than One lnch



Àppendix E

INFORMÀTION ON LIME

For this investigation, tv¡o different. brand names of Iime

v¡ere used. The brand narnes were designated as "Brand À', and

"Brand 8". Information on the bag of lime Brand À classi-
fied it as a high calcium, normal hydrated lime suited for
both chemical and agriculture use. The manufacturer of Iime

Brand À ¡{as Steel Brothers, Canada, Limited, Lime Division
Kananaskis, Alberta. Lime Brand B was also classified as a

high calcium, normal hydrated 1ime. Labelled ,'SLW Spred-

wel", lime Brand B was manufactured in Canada by Summit Lime

Works Limited of Lethbridge, Àlberta at the Crows Nest plant

in British Colurnbia.

Lea [45, p. 361] Iists the apparent density of hydrated

Iime to be 30 to 40 pcf. This range of values is to be

taken for hydrated Iime placed in a container with gentle

shaking. When required, the âpparent density of hydrated

lime was taken at the midpoint of the above range, 35 pcf.

For the clay mortar mixes, Mix Nos. 2 to 5 contained

lime which came from an unmarked plastic bag stored in the
Iaboratory under dry conditions. It. was assumed that. the

lime in this plastic bag was lime Brand A. For Mix Nos. 6

to 11, Iime from a second bag labelLed lime Brand À was

- 333
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used. This second bag came from the Northern Housing com-

mittee's [51] outdoor storage shed and showed evidence of

being previously wetted.

For the lime-sand mortar mixes, Mix Nos. 12 Eo 17 con-

tained lime Brand A. For Mix Nos. 18 to 23, Iime Brand B

was used. ÀII of the lime used for thè lime-sand mortars

were obtained f rorn the laboratory, stored under dry condi-

lions.

The basic chemical reactions of limestone to quicklime

to hydrated lime and back to a form of limestone (as hard-

ened mortar) are as follows:

Calcination CaCog +

calcium
ca rbonate

(high calcium
l ine s t one )

HeatèCaO+COz
calc i um carbon
oxide dioxide

(quicklime or
un s Ia ked

Iime)

Normå1
Hydrat i on

CaO

cafcium
oxide

HzO Ca (OH) 2 + Heat

water calc ium
hydrox i de

(slaked or
normal hydrated

Iime)

Carbonization Ca (oH) 2 + COz -'--+ CaCo¡ + Hzo

calciu¡n carbon calcium water
hydroxide dioxide carbonate

The above reactions are strictly for a theoretical pure

high-calcium line, 100 percent calcium carbonate. In real-

ity, a small amount of magnesium carbonate usuaì.Iy exists.
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For a high-magnesium lime, the percentage of rnagnesium

oxide present increases markedly but calcium oxide is stiLl
present as a significant proportion (see Definitions on Èhe

different types of limes). Simultaneously with the above

reactions, the following additional reactions occur for the

magnesium part of the lime:

Calcination Mgco g

magne s i um
ca rbonate

Hea t .*

HzO +
wate r

a coz --*
ca rbon
dioxide

MgO + COz

magnesiu¡n carbon
oxide dioxide

MgO + HzO

magnesium water
oxide

MgCO 3

magnes i um
carbonate

Normal
llydrat i on

M9o

magnes i um
oxide

Carbonizatíon Mgo

rnagnesium
oxide

Looking at the nornal hydration reaction, the magnesium

oxide remains inert and does noÈ chemical.ly combine with the

water. Holrever, under pressure hydration, the magnesium

oxide wiIl combine with the nater as shown in the following

reaction:

PreBBure
Hydrat ion

Mgo

magnesium
oxide

The resultant magnesium

tion should then have lhe

HzO ------> Mg (OH) 2 + Hea!

water magnes i um
hydrox ide

hydroxide from the pressure hydra-

f ollowing carbonization reaction :



Carbonization Mg(oH) 2 +
of Pregaure
Hydrated magne s i um
Magnesiurn hydrox ide
oxide

COz È-----+

carbon
dioxide

336

MgCO3 + HzO

magnesium water
ca rbonate

8.1 ÀT'TOGENOUS HEÀI.ING CÀPÀBIÍ..IEY [38. 48. 58]

For the description of the property of autogenous healing,

see Àppendix À.

Hydrated 1ime, which is very s).ightly soluble in pure

water at l-or,r temperatures, will dissolve in rain water con-

taining carbon dioxide even when it is already carbonated to

calcium carbonate. Dissolved, the lime then becomes recar-

bonated into a more readily soluble carbonate, calcium

bicarbonate which in turn can revert to the stable carbonate

of limest.one (calcium carbonate) upon drying out. while in
the soluble calcium bicarbonate f orm, this solution can

migrate into the s¡nall voids or cracks of the mortar. Then

after drying out, calcium carbonate is precipitated in the

void or crack. Àfter many cycles of this solution-dryin9,
the carbonate build-up plugs the void or crack.

The above reaction of autogenous healing

chemically as fol lows:

is expressed

AutogenouB CaCOg +
Hcal ing

calcium
carbonabe

+ coz 

- 

ca(Hco3)2

carbon calc i um
dioxide bicarbonate

Hzo

wat.e r



The double arrow indicates that the reaction is
This reaction is similar to the development of

and stalagmites in Iimestone caves, although

occurs at an infinitely slower rate.
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reve rs i b1e .

stalactites
the latter



Àppcndix F

SHRINXÀGE DÀTÀ FOR CIJÀT }ÍORTÀR }IIAES

Tabulated in this appendix is the shrinkage data for the

clay mortar mixes. Following are notes pertaining Èo Tables

F-I to F-XII:

1 . voI . indicates volume/volumetric;

2. oisp. indicates displacement;

3. n.d, indicates not done;

4. original moulded volume of cube specimens = 8.0 in.3;
5. adjustment factor = Vol. shrinkage by water Disp.;

@
6. adjusted measured volume = (vo1. shrinkage by

cal ipers ) x (adjustment fac!or);
7. Iisted vol. shrinkage by calipers are lhe average of

!hree cube spec imen s .

-338-
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Àppendix G

COMPUTER PROGRÀÌIS

Listed in this appendix are the computer programs written
and used for this investigation. These programs are pre-

sented as they were last used.

G.1 COr{pUrER PROCRÀM NO. 'l [25. 27]

Computer Program No. 1 was used to plot out the shrinkage

behaviour curve for the ctay mortar mixes -- Figure 3, page

93. Details of this program are included in the program

itself .

- 351 -
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SHRINKPLOÎ "Computer Program No' 1"

1 0. //sHR¡NX JOB',,,T=',1M,L=5, I =1 0,C=0 i,' RÀNDY ZÀPOTOTSXY,,CLÀSS=F,
20, // MSGLEVEL= ( 1 ,1 )

30, /TROUTE PRINl SELF
{0, /rD800 vPlor
50. // EXEC FORTHCLG,USERLIB='SYS3.VPLOTLTB"SIZE=256K
60. //FoRT. sYsIN DD r
70, c
80. c
90. c

100. c --- SHRINKPLOT ---
110. C
120. C --- TIIIS IS lHE PROCRÀ.Ì'I FOR PREDETERI'IINED PLOTTING ---
130. C --- SHRINKÀGE ÞLOT ---
140. C
150. C
160. c
170. C TN THIS PROGRÀM II.IE FIRSî THING THÀT IS REÀD IN IS THE NUMBER
180. C OF PLoTs TO BE DRAWN ÀND THE NUI.{BER OF SETS OF DÀTÀ PER PLOT.
190. C THE CHÀRÀCÎERI STI CS , NÀI{ELY THE ORGTN ÀND ÀXES, ÀRE THEN DEFINED
200. c AND PÍ,OTTED OUT. FOR ÀESîI{ET¡CS PURPOSES ONLY, À FRAI'IE ¡S DRåWN
210. C ÀROUND THIS SEl OF ÀXES.
220. C
230, C FOLLOWING THE ÀBOVE, THE DÀîÀ POINîS ÀRE îHEN REÀD IN,
240, C PLOTTED OUT WTTHIN lHE LIMITS OF THE CHÀRàCTERISTICS OF THE
250. C PLOT. A PREDETERMINED BEST FIT CURVE IS îI{EN DRÀWN ¡N,
260. C
210, C IN THE END, À T,EGEND IS INSERTED IN THE INNER, UPPER
280. C RIGHT HÀND CORNER OF THE PLOT. IF NO LEGEND ¡S DESIRED, TH¡S PÀRî
290. C CÀN BE SKIPPED.
300. c
310. C m{EN SUBMITT¡NG À JOB, Tl{E ORDER OF SUBHISSION IS:
320, C
330, C 1) SI{RINKPLOT
340. C 2) NOPr,Or
350. C 3) ''FIRSI DÀTÀ FILE"
360. C 4) 'SECOND DÀTÀ FI'.E''
3?0. C 5) ''THIRD DAlÀ FILE.'
380. c l) I I I

3eo. c l) I I I

¿OO. C N) 'N-2TH DÀTÀ FILE (LÀST ONE)'
{10. c
420, C ${SRE:
430. C SHR¡NKPLOT: IS lHE NÀ¡'IE OF THIS P!,OTTING PROGRÀ}.T.
¿¿0, c
{50. C NOPLOT: CONTAINS THE FIRSÎ JCL STÀTEMENT ÀND
460, C SPECIF¡ES lHE NI,'MBER OF PLOTS 10 BE
470. C PLOTÎED ÀND THE NUMBER OF SETS OF DÀTÀ
{80. C PER PLOT. THE FOR'.I OF THIS FILE IS:
{90. c
5oo. c 1. //Go.svsrN,DD *
510. C 2. 'NUr,l8ER OF PLOIS"
520. C 3. rNt lilBER OF SETS OF DÀTÀ PER PLOT"
530, C
540, C DÀTÀ FILE: THE F¡RST OR ÀNY OTHER DÀTÀ FILE
550, C CONîÀ¡NS SOME BÀSIC INFORI,{ÀTION ÀBOUT
560. C THE PLOT ÀND ITS DÀTÀ POINTS. lHE
570. C FORI{ OF À DÀTÀ FILE ISi
580. C
590. C 1, MIXXO N REMIX
600, c 2, t1 Y1
610, c 3. X2 Y2
620, c l. I I

630, c l. I I



353

SHR¡NKPLOT "Computer Progran No. 1"

640. C N. r(N-1 ) Y(N-l)
650 . C

650. C WHERE: HI}.NO = THE MIX NIJIiIBER
670. C N = THE TOTÀL NUI'IBER oF
580. C DÀTÀ POINTS FOR THE
590. c I'lI x.
700, C REM¡X = "0' f4HEN THE MIX s¡AS
710. C NOT REMIXED.
120. C "I" WHEN THE MIX r.¡ÀS
730. C REMIXED.
740. C X&Y'S = THE DÀTÀ POINTS.
750. C
760. C ÀFTER ÀL,L OF THE DÀTÀ FOR À SINGLE PLOÎ HÀS EEEN REÀD IN,
770. C THE NECESSÀRY DÀÎÀ INFORI'IÀTION FOR THE PREDETERMINED PI.OT MUST
780. C THEN 8E REÀD IN BEFORE TI.IE NEXT PLOT'S I NFORI.I,ÀTION.
790. C
8OO. C ÀLSO, HHEN SUBMITTING À JOB, ONE MUST MÀKE SURE ÎHÀT THE
810. C JCL ENDING THE DÀTÀ ¡NFOR},IÀTION MUST BE PLÀCED ÀT THE CORRECT
820. C pOSrTrON. ¡F ONLY ONE PLOÎ tS TO BE PLOTTED, rT GOES AFîER
830. C THE PREDETERMINED PLOT DÀTÀ INFORI'IÀT¡ON I{HTCH ¡S PLÀCED AT THE
8{0. C END OF THE SET OF DÀTA FILES. IN T¡{E CASE I{HERE I'IORE THÀN T1IO
850. C PLOTS ÀRE TO BE DRÀI.¡N, THE JCL MUST BE PLÀCED ÀFÎER THE
850. C PREDETERI'IINED PLOî ÞÀ1À ¡NFORMÀÍION FOR THE LÀST PLOT wl{IC¡.I IS
870. C PLÀCED ÀT lHE END OF THE LÀSÎ SET OF DÀîÀ FILES.
880, C
890. C DEPENDING ON lHE NU}IBER ÀND TYPE OF PLOTS TO BE DONE, TI{E
9OO, C 'DEVELOP À LEGENDÍ PÀRT OF THE PROGRÀ.I'' I'ÍUST BE ùIODIFIED
910. C ÀCCORDINGLy, IF USED.
920, C
930. C LIMITÀTIONS OF THE DIMENSION STÀîEHENTS ÀRE ÀS FOLLOWS:
9{0. c
9s0. c 1) x(_),Y(_)
950. C MÀXf MTJM ÀLLOHÀBLE NUI.IBER OF DATÀ POINTS PER I'I¡X
9?0, C REÀD IN IS 102 - 2 . 100
980. C

990, C 2l XPLOT(_),YPLOT(_)
1OOO. C THE I'IÀXI MIJ}'I NUMBER OF ÀLLOWÀBLE OF PLOTTING POINTS
1010, C FOR THE BEST FIT CURVE IS 12 - 2. 10
1020. c
1 030. c
1040, c
1050, DTMENSTON rBUF(4000),X(102),v(102),¡<PLOT(12),ypLOT(12),1060. INTEGER REI'I¡ X
1070. c'IO8O. C REÀD ÀND I{RITE OUT THE NIJMBER OF PLOTS TO 8E DRAWN
1090, c
1100. REÀD (5,*) NOPLOî,NODÀÎÀ
1110. r{Rr TE (6,10) NOPLOî
1120. 10 FORr,ßT ('1"////////,4x,'THE NITMBER OF pLOrS THAT !,
1130. &,ÀRE TO BE DRÀHN rS"3X,r3)
11{0. WRrTE (6,20) NODÀTÀ
1150. 20 FORt'rÀr (////////,4x, 'rHE NTJUBER OF SETS OF DÀTÀ TO BE 

"1 1 60, & ' PLOTTED pER PLOT r S' ,3X,I3 )
1170. DO 1{0 NP.l,NOPLOT
1 180. CÀLL PLOTS (rBUF,4000)
1 190. C
1200. C DEFINE SOME CHÀRÀCTERISTICS OF THE PLOT,
'1210. C
1220. CÀLL PLOT ( 0.0, -11 .0,-3 )
1230, CÀLL PLOÎ (0,0,2.s0,-3)
1240. CÀLL FÀCTOR (1.0)
1250. CÀLLÀXrS (0.0,0.0,'ÀGE-DÀYS',-10,7.0,0.0,0,0,L0)
1260, CÀLL ÀXIS (0.0,0.0,'x oF oRrGrNÀL VOLUI.iE 

" 
20 , ¿ .0 ,90 ,0 ,0, 0,2 5.0 )
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SHRINKPLOT "ConpuÈer Program No. 1"

1210, C

1280. C _----- DRÀW À RECTÀNGULÀR FRÀME ÀROUND THE PLOT ------1290. C
1300. CÀLL NEWPEN (4)
1310. CÀLL RECT ( - 1 , 0 , - 1 . 2 5 , 6 . 0 , 9 , 0 , 0 , 0 , 3 )1320, CÀLL NEWPEN ( 1 )
1330, C

1340. DO 120 ND=1,NODÀTÀ
f 350. c
1360. C
1370. C ------ REÀD ÀND WRITE OUT SOtitE 8ÀSIC INFOR¡|ÀTION ------
1 380, C
1390. REÀD (5,T) MIXNO,N,REMIx
1{00. lrRrTE (6,30) MrXNO
1410. 30 FOR¡tÀr ('1"////////,4X,'rHrS rs r¡{E pLor 

"1420, &'PROGRÀM INFOR¡iIÀT¡ON FOR MIX NUUBER',I5)1430, g¡RIrE (6,¿0) tflt<No,N
r 4¿0. 40 FoRMÀr t////////,4x,
1450. &ITHE TOTÀL NUMBER oF DÀîÀ PoINTS REÀD IN FoR MIx NUI.,BER',1460. & r 5 , 4ta , , r s , , ¡ 7 )1470, rF (REMrX, EQ.1 ) GO TO 50
1480. t¡RrTE (5,50)
1490. 50 FOR.LÀî l////////,4x, 'THE FOLLoWTNG DÀrÀ rS FOR THE Mrx ',1500, &IWHEN IlS COMPONENTS I{ERE COI.IBINED FOR THE FIRST TIME')1510, co To 80
1520. 60 trRrlE (6,70)
1530, 70 FORMAT ll///////,|X,'r¡{E FOLLOT{rNG DÀÎÀ rS FOR WIJEN rHE r,1540. &'HÀRDENED ORÍGINÀL I,IIXTURE f{ÀS CRUSHED ÀND REMIXED')
1550. C
,I 560. C REÀD ÀND WI¡TE OUT THE DÀTÀ POINTS FOR THE MIX.
15?0. C
1s80. 80 REÀD (5,*) (x(I),Y(t),I=1,N)
1590, f{R¡ TE (6,90) I,tr rNO
1600. 90 FORMÀT l' 1' , / / / / / / / / ,3 3x, ' DÀTÀ porNrs,,//,31x,
1610. &'Mrx NUI.(BER ' , 1X, r 4 )
1620, wnrTE(6,100)
1q39. 100 FOR¡.íÀT ( // ,4X, ' DÀTÀ NUì.|BER ' , 10X, ' X-VÀLUES (DÀyS) 

"f 
OX,1640. &'Y-VÀLUES (X OF ORTGTNÀL VOLUHE) 

"/)1650, r.¡RrTE (6,110) (r,x(r),y(r),r,1,N)
1660. 110 FORMÀT (, 

"7X,I3,18X,F7,3,25X,F8.3)1670. C
1680. C PLOT OUT THE DÀTÀ POINTS
1590, C
1700, x (N+1). 0.0
1710, Y (N+1) - 0.0
1120. x (N+2) . 8.0
1730. y (N+2).25.0
17{0. C
1750, cÀLL LrNE (x,Y,N,1,-1,0)
1760, c
1710, 120 CONîINUE
1780. C
1790. C REÀD ÀND I{I¡TE OUl THE PLOTTING PO¡NTS
1800. C
1810. READ(s,i) (xPlol(J),yPLor(J),J.1,3)
1820. wRrrE (6,130) NP
1830. 130 FOR¡{ÀT (' 1"////////,29x,'pLOTTrNc DÀTÀ pO¡NTS,,//,
18{0, &34X, i PLOT NO,"1X,r2)
1850, 9¡RrrE (6,100)
1860. t{RIrE (6,110) (J,xPLoT(J),YPLOT(J),J'1,3)
1870. C
1880. C PLOÎ OUT THE BEST FIT CURVE
1890. c
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1900. xPloT (4) = 0.0
1910, YPLoT (4) = 0,0
1920, XPLOT (5) = 8,0
1930, YPLOr ( 5) = 25.0
1940. C
1950. CÀLL NEWPEN (8)
1950. CÀLL Lr NE ( XPLOT, vpLOT,3 , ì ,0 ,0 )
19?0. CÀLL NEI{PEN ( 1 )
r 980. c
1990. CÀLL PLOT (12.0,0.0,999)
2000. 140 CONTTNUE
2010, cÀLL PLOT (0.0,0.0,9999)
2020, sToP
20 3 0. END
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G.2 COMPUTER pROGRÀrrr \tO. 2 127 - 39 -- ÞÞ- 309-312'l

Computer Program No. 2 was used to determine the constants

of the best-fit polynornial curves tha! were used to describe

the compressive strength and failure characteristics of alI
the mixes. The title of this program, Least-Squares Fit of
a Polynomial, is se).f-explanalory of the method used to
obtaín these constants. Ðetail-s of this program are

included in the program itself.



BESTFIl "Computcr Program No. 2"

10, / /zAP JOB '0726,, ,C=0,R.256K' , NOTI FY=LÀNSD'¡N
20, // ¿218c wÀTFlv,sIzE=220K
30. GO.SISIN DD T

40, $JOB WÀTFrv RÀNDY ZÀPOîOîSKY, NOEXT, NOCHECK
50. c
60. c
70, c
80. c r*ir*****i**rrrri*rr**.r**rii**r*r¡****ti!rt*rt*r*ttr
90. c *

100. c *
.f 10. C * TH¡S ¡S TI{E MÀIN PROGRÀU OF 'BESTFIT' *
120, C *
130. C * *
1 4 0 . C * r * * rr r * * * * * * r !¡ r * r r * * r * * r t r * i * r * * * r i * * rr* r* * r *r r * i r
150. C
160. C
1?0. C
180. C THIS PROGRÀM HÀS THE CÀPÀC¡TY OF DETEÐ'TINING FROM lWO (2)
190. C TO À HÀXf MI,JIiI OF TEN (10) CONSTÀNTS (C'S), FOR A LEÀST-SQUÀRES,
2OO. C BESî FIT POLYNOMIÀL. FOR EXÀI.IPLE: ÀN EQUÀîION Í{ITH
210. C WITH THREE (3) CONSTÀNÎS CÀN 8E IN THE FOR}I SUCH ÀS:
220. C
230. C
2{0. C

250, C
260, C
270 , C
280. C

¿00. c
{10, c
420 , C
{30. c
¡¡40. c
{50. c
{60. c
{ 70. c
t80, c
490, C
500. c

y.Ct + C2*X + C3*X.X

OR

Y E Clrx + c2rx'rx + c3rx*t*x
290. C THE SECOND EI{ÀMPLE ÍIOULD I{ÀKE ''Y'' TOTÀLLY DEPENDÀNT
300. C UPON 'x'. THEREFoRE ÀT x-0.0, ÀLSO EQUÀL 0,0,
310. C THIS I.¡OULD ùIÀKE lHE BESÎ FIl CURVE PÀSS T¡{ROUGH lHE
320. C ORrcrN ( 0.0 ,0.0 ) ,
330. C
3¿0. C THE MÀXI MUI'I NUHBER OF DÀTÀ POINTS TI{ÀT CÀN BE REÀD IN
350. C ¡S TWO HTNDRED (200).
360. C
3?0. C lHE FT'NCTIONS CÀN BE ÀDJUSTED TO FTT OÑE'S NEED. TO DO
380. C THIS, ÎHREE (3) MÀJOR ÀDJUSTI'IENTS ÀRE REQUIRED ÀT THE
390. C FOLLOHING ÀREÀS:

1) 'DEFINE fHE FUNCTIONS"
IN THE MAIN PROGRÀM

2I "GENERATE îI{E F MÀTRIX''
IN IHE I.IÀt N PROGRÀM

3) THE NI'}.{BER "M' ( NIJ}TBER OF CONSTÀNTS, CIS)
IN THE DÀTÀ FILE. THIS NI'MBER "M" MUST
EQUÀL THE NIJNEER OF FIjNCTIONS,

510. C THE DÀTÀ FTLE FOR THIS PROGRÀI'I SHOULD HAVE RECORDS TN
520. C TI{E ORDER ÀS SHOHN BELO9I:

M N N1 N2 N3 DÀSH

s30. c
5¿0. C 1.¡ENTRY
550. C 2, till xNO
560. C 3. xr Yl
570. C {. t2 v2
580. C 5. X3 Y3
s9o. c I I

600. c I I

610. c I I

620. c N+2. xll YN
630. c
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640. C 9IHERE MIXNO = THE MIX NUUBER
650. C M = THE NUì.IBER OF CONSTÀNTS (c.s)
560. C N = THE TOTÀL NTJMBER OF DÀTÀ POINTS
670, C Nl = THE NIJMEER OF DÀTÀ POINÎS FOR CUBE NUI'IBER 1

580. C N2 = 2
590, c N3 = 3
700. C DÀSH = '0" IF À PEÀK LOÀD OCCURRED FOR ÀLL OF THE
710, C CUBES DURING THE COI.IPRESSION TESî
720, C PEÀK LOÀDS DID NOT OCCUR FOR ÀLL OF
?30. C THE CUEES DURING THE COMPRESSION ÎEST
7{0. C NOTE: THE USE OF DÀSH COI'ÍES IN USE IIHEN
750. C PIJOTTTNG OtI¡ THE BESTFIÎ CURVE IN
760, C THE PLOT PROGRÀ},I.
770, C
780. C
790. C
800. c ------ LEÀSî SQUÀRES CURVE FÎTTING ------
810. C

820 ,
830.
840.
850. C

870. C
880.
890.

920. C

980.

DTMENSTON X( 200),y(200, 1 0),F(200, 1 0 ),Fî( 10,200)
&,À(10,11 ),8(10,1 1 ),C(10)

lNîEGER DÀSH

850. C ------ IIDEFINE THE FIJNCTIÔNS' ------

F1(x)=X
F2(x)'trx
P3(x)Etrx*x
F¿(X)!xrx*XrX

930. C REÀD ¡N THE HIX NIJMBER, THE NUMBER OF C'S, THE îOTÀL NI'MBER
940. C OF DÀTÀ PO¡NîS, THE NIJ}TBER OF DÀÎÀ POINTS FOR EÀCH CUBE ÀND
950. C lHE VÀLUE OF DÀS¡1.
960. C (IN FREE FOR},IÀT )
970. c

REÀD( 5, r ) ¡rrXNO,M,N,N1,N2,N3,DÀSr{

10. C
020. r{RrTE (6,1) r,rr xNo
030. 1 FoRMÀr | ' 1 . , / / / / / / / / ,4t ,040. &'THIS IS THE BESTF¡T PROGRÀÌ'í FOR HrX Ntr.r8ER"r6)
050, !{RI?E (6,2) I'r
060. 2 FORMÀr (////////,4;d,
O7O. &'THE NI'I'iBER OF CONSÎÀNÎS "M" REÀD TN FOR THIS PROGR¡¡'I tSI,
080. &r5)
90. wRrlE (6,3) HrxNO,N
00. 3 FoRMÀr (////////,4x,

OOO. C WRITE OUT SOME GENERAL INFORMÀT¡ON ÀBOUT THIS PROGRÀI4

10. &'THE îOTAL NI'I,TIER OF DÀTÀ PO¡ NTS REÀD TN POR I'tI X NT'I'IBER' ,
20, &I6,{X,,IS"t7}
30. WR¡TE (6,{) N1 ,N2,N3¿0. { FoR¡tÀr (////////,rx,
50. &'THE NIJì.IBER OF DÀîÀ PO¡NTS REÀD IN FOR CUBE NUì.IBER 1 .',
50. e1x,r3,//,428,,'CUBE Nl,tÌ,tBER 2 ¿',1x,13,//,4211,,
70. &'CUBE NUMBER 3 .r,1X,I3)
80. rF (DÀSH.EQ,o) GO TO 6
90. r{RrTE (6,5)
00. 5 FoRr'Ar I / / / / / / / / ,4r,'DUR¡ Nc r¡{E coMpREss¡oN TEsr,',
10. &' THIS I'II ¡{ DID NOl HÀVE PEÀK LOÀDS FOR ÀLL OF THE CUBES.')20, co ro I30, 5 r{RrTE (5,7)
{0. 7 FORÌ.{ÀT l////////,rX,'DURrNc rl{E COMPRESSTON TESÌ,',
50. &' THIS IIIX HÀD PEAK LON)S FOR ÀLL OF THE CUBES.')

260. c
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1270. C REÀD AND WRITE OUl THE X-Y VÀLUES OF DÀTÀ POINTS.
1280. C (REÀDING DONE IN FREE PORMÀT)
1290. C
1300. I REÀD{s,*) (x ( I ) , Y ( I , 1 ) ,I = 1 , N )

1310. ertllE(6,9) MrXNO
1320, 9 FORMÀÎ( ', 1' , / / / / / / / / ,32x, ' DArÀ porNrs"//,lOx,
1330. &'MTX NUMBER"I5)
1340. nRrrE(6,',10)
1350. 10 FOR}.4ÀT(//,4X,',DÀTÀ NTJMEER' , 1 0X, ' X-VÀLUES (STRÀrN-X)"10X,
1 360. &'Y-VÀLUES (SIRESS-PSI )',/)
13?0. WRrrE(5,11) (I,X(I),Y(t,1),I=1,N)
1380. 11 FORÌ''ÀT (' 

"7X,¡3,',1 
7X , F 1 0 , 3 , 1 9X , F 1 0 . 1 )

1 390. C
1400. C ------ "GENERÀTE THE F MÀîRIX'' ------
'1¿10. C
1{20. DO 12 I=1,N
1430. F(I ,1)=F1(x(I ) )
1440. F(I ,2)-F2(x(I ) )
14s0. F(l ,3).F3(x(I ) )
1460. 12F(¡,{).F{(x(r})
1470. C
1480. C GENERÀTE THE ÎRÂNSPOSE OF THE F I'IÀTRI X
14 90, C
1 500. DO 1 3 ¡.1 ,N1510, DO 13 J=1,M
1520. 13 Fr{J,I )=F(I,J)
1530, C
1540, C DETER}.IINE COEFFIC¡ENT MÀTRI'{ À OF SIMULTÀNEOUS EQUÀT1ON
1550, C SYSîEM
1560. C
1570. CÀLL MÀîMPY ( FT,F,À,M,N,M)
'1 580, c
1590. C DETERI.IINE THE COLUMN OF CoNSTÀNTS FOR SIMULTÀNEOUS EQUÀTION
1 600. c sYsrEr'r
'1610. C
1520. CÀLL MÀTMPY (FT, Y,B,M,N,1 )
1630. DO 14 ¡='1 ,M1640. 144(¡,H+1).8(I,1)
1650, C
1650. C DETERT.ÍINE C VÀLUES BY SOLVING S¡MULÎÀNEOUS EQUÀT¡ONS USING
1670. C CHOLESKY METHOD
1680. C
1690. HP I .M+ 1

1700. cÀLL CHLSKY(À,M,MP1 ,C)
1?10. C
1 720, C r.rlr rE OUT THE C VÀLUES
1730. C
17{0. g¡RrrE(6,15) r.{t XNO
1750. 15 FORì.ÍÀî( i 1' , / / / / / / / / ,4X, ' C ( 01 ) THROUGH C(¡r) FOR MIx NITMBER 

"1760. s,15, / / )
1770, wRrTE (6,16) (I,c(I ),I.1 

'M)1?80, 16 FOR¡{ÀT('0"3X,',C("12,','-"3X,E14.7)
17 90. WRrrE ( 5.17 )
1800. 17 FoRr.rÀr ll / / / / / / / / / / / / / / / / /\
1810. STOP
1820. END
1830. C
1840. C
1850. C
1 8 60 . C r r* rr * â * tt tt* I * tt rt i tti t I i* * â t * t t tl I t I t t* t i tt*i tt *
1970. c r t
1880. C r t
1890. C ' THE SUBROUTI NE SUBPROGRÀI'I HÀ$PY FOR t
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1900. c *
1910. C * TIJE REQUIRED }IÀTRIX MULT¡PLICÀTÎON
1920, C r
1930. C * t
1940. C *r****r***i****t*l*r****lt*ttt!rliitt*tt*ttt*t*'r*r*
1950. C
f 960. c
1970. C

1980. SUBROUTINE HÀTMPY (À, B,C,M, N, L )

1990. C
2OOO. C THIS SUBROUÎ¡NE DETERI'IINES I.IÀTRIX C ÀS THE PRODUCî
2010. C OF À AND B MATRICES,
2020. c
2030. DTMENSTON À( 10,200),B(200,10),c( 10,1 1 )
20{0, DO 1 I=1,M
2050, Do 1J=1,L
2060, c(¡,J).0.0
207 0. DO 1 K.'1 ,N
2080. 1 c(I,J)-c(I,J)+À(t,K)*B(K,J)
2090,

f 00.
RETURN
END

0, c
20, c
30. c

'1{0. c r r * * r r * * * t * t * * r * * rr * I r t i i '} 'r 
* * t t t * r t t !¡ t t t t t t t t t I * ir f * t t t t * t t

150. C r
70. c r

180. c r

200. c i

lHE SUEROUT]NE SUBPROGRÀM UTI L¡ Z¡ NG
A

CHOLESKY.S METHOD FOR THE SOLIJTI ON OF I

O. C T THÞ SIMULTÀNEOUS LINEÀR ÀLGE8RÀTC EQUÀTIONS *
)A t . I
30. c r t230. C r

2 4 0 , C r * * * r * r * **t * * t *t i * t *r r r r*** t *l¡ *t i¡ i tt ** titrtt* tt I * I t * I t t * *
50, c
60. c
70. c

2280 .
2290 .

SUBROUT¡ NE CHLSKY ( À,N,M,X)
DTMENS¡ON À(10,11 ),X( 10)

2300. c
2310. C CÀLCULÀîE FIRST ROI{ OF UPPER T'NIT TRI ÀNGI'LÀR I.{ÀTRI X
2320. C
2330. DO 1 J.2,M
23{0, 1 À(1,J).À(1,J)/À(1,1)
2350, C
2350. C CÀLCU¡.ÀÎE OfHER ELEIIENTS OF U ÀND L I.IÀTRICES
2370. C
2380. tlo 6 ¡ ú2,N
2390. J.¡
2¿00, DO 3I¡.J,N
2{10. SU.0.0
2120, JMl.J-l
2430. Do 2 x.1 ,Jr.{1
2r¡{0. 2Suttrsur{+À(rI,K)*À(K,J)
2150, 3À(rr,J).À(r¡,J)-SrI'l
2460. Ip.1¡I+1
2170. DO 5 .'J.IP1 ,H
2{80. SU}.r.0,0
2¿90. ¡ I'11 .I - 1

2500. Do ¿ K. 1 ,It{1
2510. ¿ Stì,r.Sult+À(I,K)rÀ(K,JJ)
2520. 5 À(r ,J,l)'(À(r,JJ)-sul.l)/À(¡,I )
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2530. 6 CONIrNUE
2540. C
2550. C SOLVE FOR X(T) BY BÀCK SUBSTITUîION
2560. C

2570. X(N)=À(N,N+1)
2580, L=N-'1
2590. Do 8 NN=1,L
2600. SUM=0.0
2610 , I =N-NN2620, IP1.I +1
2630. Do ? J=IP1 ,N26i0, ? SU!,t=Sttt+À(J,J)*X(J)
2650. I x(¡ )=À(t,M)-sUì,
2660, RETURN
2670. END
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c.3 coMprxrER pRoc8Àtrf No. 3 125, 21 , 29 -- pP. {79-4801

Using the constan!s of the best-fit polynomial determined in

Computer Program No. 2, this program plots out the best-fit
curve along with its associated data points. To give an

indication of how well a best-fit polynomial described the

behaviour of the data points for a given mix' this progran

âLso caLculates the value of the adjusted coefficient of

multiple determination -- Rå, More details of this program

are included in the program itself.
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10. /,/NOLINEC JO8 
",,T=1M,L=10,I=10,C=0i,'RÀNDY 

ZÀPOTOTSKY' , CLÀSS=F ,
20. // I'ÍSGLEVEL. ( 1 ,1 )

30. /*ROUTE PRINT SELF
40. /rD800 VPLOT
50. / / øxgc FoRTHCTG,USERLIB='SYS3.VPLOTL¡B"SIZE=256K
60. //FoRT. sYsIN DD *
70. c

90. c
100. c
110. c
120. C
130. c
140. C

--- T¡{IS IS THE PROGRÀI.I FOR BEST FTT PLOTTTNG -.-
--- cLÀY r.roRTÀR l.lI xEs ---

150. C HHEN RUNNING TH¡S PROCRAM, THE FILES AND IlS ORDER OF
160. C SUBMISSION IS ÀS FOLLOWS:
170. C
180. C 1. CPLOT
190. c 2. NoF¡T
200, c 3. "DÀÎÀ FILES"
210. C
220. C WHERE:
230. C
240. C CPLOT - IS THE NÀHE OF THIS PROGRÀI.(
250. C

260. C NOF¡T - ¡{ÀS THREE RECORDS tN THE FORIiI AS FOLLOWS:
270, C
280. C 1.//GO.SYSTN DD *
290, C 2, 'NUI,IBER OF SEÎS OF DÀTÀ''
300. c 3. 'VÀLUE OF l-l'
310. C
320 . C I¡HERE:
330. c
340, C tt . THE NUMBER OF CONSTÀNTS (C'S)
350. C THÀT I{ILL BE USED IN PLOTTING
360, C EÀCH OF Îl{E BEST F¡T CIIRVES.
370. C

380. C ''DÀTÀ FILES" - HÀS THE FORI.I AS FOLLOWS:
390, C
4OO. C 1. M¡X¡IO N Nl N2 N3 DÀY REMI:T XSTÀRT ¡IÀX1O YI{ÀX DASH
410. C 2, X1 Y1
420. C 3. X2 Y2
{30. c {. I I

{{0. c s. I I

450. C N+l. X(N-1) Y(N-l)
{60. C N+2. C1
4?0. C N*-, It80. c N+_. I

{90. c N+1+CN. CN
500, C
51 0. C 9THERE:
520. C

530, C MI TINO . THE ll¡X NUI'IBER
5¿0, C N . THE TOîÀL NIJIIBER OF DÀîÀ POINTS POINTS
550. C N1 . THE NIJ}.{BER OF DÀTÀ POTNTS FOR SPECIIiIEN NO. 1

560. c N2* ' NO.2
5?0, C N3, " NO.3
580, C DÀv . TfiE ÀGE OF lHE MIX' IN DÀYS
590, C REIIIX ' "0' IF THE ¡lIX 9lÀS I'lI XED TOGETHER FOR THE FIRST TI I'lE
600. C lHE HÀRDENED ORIGINÀL MIX IIÀS CRUSHED ÀND REUTXED

610. C XSTÀRÎ . THE EXPER¡MENTÀL CORRECTION FÀCTOR 10 THE X-VÀLUES i
520. C XSîÀRT IS ÞOSITIVE IT }þVING THE X-VÀLI.'ES TO THE LEFT
630, C lrÀx1o . (sEE DESCRIPTION BELOSI)
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640. C YMÀX = THE MÀXlMtU Y-VÀLUE OBTÀ¡NED rN À SET OF TESTS
650. C DÀSH = (SEE DESCRIPTION BELOT.T)
660. C X&Y'S . T¡lE DÀTÀ POINTS
670. C C_ = THE CONSTÀNTS OF THE BEST F¡T EQUÀTION
680. c
690. C
7OO. C TO SÀTISFY THE 'DO'' STÀTEMENT RULE OF ONLY US¡NG ¡NTEGERS
710. C GREÀTER THÀN ZERO ÀND TO OBTÀIN ÀN INCREI,IENT OF O.lX SÍRÀIN
720. C (X-VÀLUES) $rEN PLOTTTNG T¡{E 8ES1 FIT CURVE, r.rÀX10 IS
?30. C DEFINED AS FOLLOWS:

?50. c MÀx10 . (MÀX STRÂIN(U ) - XSîÀRT + 0.1) r 10
760, C
770. C FROtt ÎHIS HODIF¡CÀTION TO THE HÀXt MUM STRÀIN VÀLUE, ONLY
780. C TI{E INîEGER PÀRî OF TI{E N1JMSER ¡S PUT ]NTO THE DÀîÀ FILE.
790. C WHEN PLOTTING IT t{ILl BECOME CLOSE ENOUGI.¡ TO THE I'fÀKI l.llJ},|
8OO. C SlRÀtN VÀLUE O8ÎÀINED IN À MIX. THIS WILL SÀltSFY THE
810. C INTEGER RULE OF À DO LOOP.
820. c
830. C FROI'' THE PROGRÀI'I THIS MODIFICÀîION COMES FROM:
8¿0. c
8s0. c x(I) = ((RI/10.0) -0.1)
860, c
870. C Tr{E "-0.1" ¡S NEEDED SO îHÀT X rS EQUÀL TO ZERO FOR THE
880, C FIRST VÀLUE, ÎHTS HILL I.IÀKE THE BEST FIT CURVE PÀSS TI{ROUGH
890. C THE ORI GI N.

910. C HÀX1O MUST BE DEFINED FOR EÀCH INDEPENDANT MIX.
920. C TN ÀDD¡TION, IT I,IUST BE PUî INTO À DÀTÀ FILE ÀS ÀN
930. C INTEGER, NOT À REÀL NIJI'IBER, TO SÀÎISFY THE TNTECER
9¿0. C RULES OF À DO LOOP,
950. C
950. C À CHECK I¡ILL BE DONE NEÀR THE DEFTNED FU}¡Cî¡ON SO AS TO
970. C PREVENT T¡{E BEST FIT CURVE I{AVTNG À NEGÀT¡VE SLOPE ÀND À
980. C Y VÀLUE GREÀTER THÀN THÀî OBTÀINED IN À SET OF TESTS.
990. C À NEGÀÎIVE SLOPE ¡S I,,NFÀVORÀBLE SINCE IT DOES NOT REPRESENT

IOOO. C f{HÀT HÀPPENED ¡N THE ÀCÎUÀL TESTS.
1010. C
1020. C IF THE MIX DID NOT HÀVE PEÀK LOÀIS FOR ÀLL OF THE CUBES,
1030. C À STRÀ¡GHT DÀSHED LINE Í{ILL BE DRàIIN HOR¡ ZONÎÀLLY FROM THE
1040. C END OF THE BEST F¡T CURVB TO THE FÀR RÍGHI OF THE PLOT. TI{I S
1050. C DÀSHED LINE WILL REPRESENT THÀT LOÀDING 14AS CONTINUED ÀFTER
1060. c THrs cuT-oFF Po¡NÎ, BUT NO PEÀK r.OÀD OCCURRED. IT SHOI,I,D 8E
1070. C NOTED THOUGH THÀT lHE PÀTI.¡ OF TH¡S DÀSHED L¡NE DOES NOl
1080. C NECESSÀR¡LY REPRESENT THE ÀCTUÀL PÀTH TÀKEN DT'RING THE TEST OR
1090. C OF THE EEST FIT CURVE.
1100. C THIS DÀSHED LINE I{ILL NOT BE DRÀWN WHEN Tl{E VÀLUB OF
11'10. C 'DÀSHí IS EQUÀL TO t0' (ZERO). WI|EN "DÀSH" ¡S EQUAL T0
'1 120. C'1" (ONE), À DÀSHED LrNE r{rlr. BE DnÀr{N,
1130. C
1'I¿0. C ÀT THE END OF lHE DÀTÀ FILE(S}, THE PROPER JCL MUST BE
1150. C DEFINED TN ORDER FOR THE PROGR¡¡II TO RT,N.
1150. c
1170. C DUE TO THE LII,ITTS ON lHE DII'ÍENSION STÀTEI'IENTS THE
1180, C FOLLOI{ING L¡M¡TS ÀRE DEFTNED:
1 190. C
1200, C 1) XRÀY_(_), YRÀv_(_)
1210. C I.IÀXI MT,M ÀLLO9IÀBLE NT'I{¡ER OF DÀTÀ POINîS PER
1220. C SPEC¡MEN REÀD ¡N ¡S 77 - 2 . 75
1230, c
12¡10, c 2) c (_)
1250. C r,rÀxl Mt r.t ÀLLOWÀBLE NUUAER OF CONSÎÀXîS
'1260. C REÀD IN IS 10
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1270, C
1280, C

1300, c
1310. C
1320. C
1330, C
'1340. C
1350, C
1360. C
1370, c
1380. c

1400, C

3) x(_), Y(_)
MÀXt MTJM ÀLLOI.'ÀBLE STRÀIN IÑ THE TESTS
¡s (502 - 2)/t0 = 50%

4 ) xxEw_( _)
Às FoR xRÀy_( _)

5) r'fxDÀTÀ(_), MYDÀTÀ(_)
l.lÀXI MUU ÀLLOÍ.¡ÀB!,E NUMBER OF DÀTÀ POINTS
PO¡NTS PER MIX PER HIXED X ÀND Y
DÀTÀ ÀRRÀYS ¡ 225

1410. C IN ORDER FOR THTS PROGRÀM TO RUN SÀTI SFÀCTORY FOR DIFFERENT
1420. c RtNs, ONE MUST ENSURE ÎHÀT lHE FOLLOT{ING IS DONE:
1¿ 30, C
1{¿0. C À. CHECK îO SEE THÀT THE BEST F¡T EQUÀTION ÀT lHE FOLLOI.¡TNG
1450. C îWO (2) LOCÀTIONS IS THE ONE THÀT IS IIÀNTED ÀÑD THÀT THEY
1460. C ÀRE BOTH lHE SÀHE:
1470, C
1{80. C 1. IN THE PLOTTING SECTION ÀND
1490. C
1500. C 2. ¡N lHE ÀDJUSTED COEFFICIENî OF MULTI PLE DETERHTNÀTION
15'10, C CÀLCULÀT¡ON PÀRT,
1520. C
1530. C B. ÀDJUST THE DEVELOP À LEGEND ÀCCORDINGLY 10 TI{E DÀTÀ OR SKIP
1540. C OVER THIS PÀRT OF THE PROGRÀ¡{ BY À SIüPLE GO TO SÎÀÎEMENT.
'1 550. C
1560, C
'1570, c
1580. DTMENSTON rBUF(¿000),
1 590, &xRÀy1 (7? ),yRÀy1 (77 ),xRÀy2(7? ),yRÀy2(77 ),xRåy3 (77),yRÀy3 (?7 ),1600. &C(10),X(502),y(502),ANEfrl(77),rXEr{2(77),XNEW3(?7)
1610. REÀL M'iDÀTÀ ( 225 ) ,MYDÀTÀ ( 225 )
1620, TNTEGER DÀy,DASH,p1,p2,p3,p4,p5,p6,Dp
1630. C
16{0, C REÀD ÀND WRIîE OUl THE NUMEER OF PLOÎS TO BE DRÀT¡N ÀND THE
1650. C NUMBER OF CONSîÀNîS (C'S) THÀT ARE TO BE USED.
1560, C
1670. REÀD (5,*) NOFTT,M
1680. erRr îE (6,70) NOFIT
1690, 70 FORXÀT ('1"////////,4x,'THE NUMBER OF pLOr(S) fHÀT 

"1700. &'ÀRE To BE DRåÍ{N rs',3x,r3)
1710. WRITE (6,80) !,t
1120, 80 FORüÀT (//////,rx,
1730, &'THE NTMBER OF CONSTÀNTS tN FOR T¡IIS pnocRÀì.t IS"I5)
17¡0. C
1750. DO 780 NF.l,NOFIT
1760. CALL PLOTS ( r 8UF,4 000 )
1770. C
1?80, C DEFTNE SO¡{E CHÀRÀCTERI STI CS OF THE PLOT,
1790. c
1800. CÀLL PLOT (0.0,-11.0,-3)
1810. CÀLL PLOT (0.0,2.0625,-3)
1820. cÀLL FACTOR (1,0)
1830. CÀLL ÀxrS ( 0 , 0 ,0.0 , ' sTRÀr N - z' , - 1 0 , { . 0 , 0 , 0 , 0 . 0 , 5 . 0 )
18{0. CÀrL ÀX¡S ( 0 .0 ,0.0 , ' SÎRESS - psr,,12,7.0,90.0,0.0,160,0)
1850. C
1850. C DRÀW À RECTÀNGULÀR FRÀME ÀROIJND THE PLOT
1870. c
1880. CÀLL NEHPEN (4}
1890. cÀLLRECT(-0,75,-1.25,9.0,s.5,0.0,3)
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1900. cÀLL NEWPEN ( 1 )
1910. C
1920. C REÀD ÀND kRITE OUT SOME 8ÀSIC INFORI.IATION ÀBOUT TllE MIX.
1930. C
1940. REÀD (5,*) MIXNO,N,N1,N2,N3,DÀY,REM1X,XSTÀRT,MÀXfO,YMÀX,DÀSH
1950, 9¡Rr lE (6,90) MrXl¡O,DÀY
1960, 90 FOR.r.rÀr ('.1"//////,4x,
1910, &'THIS IS THE PLOT PROGRÀM FOR MIX NUt'rBER'|,3X,
1980, &r3,3X,'À1 THE ' ,3X, r 2 , 3X , ' DÀY STRENGTH ' )
f990. rF (REMrX.EQ,1) GO TO 110
2000. wRrlE (6,100)
2010. 100 FORr.fÂî (//////,4r1, 'îl{E FOLLOIIING DÀTÀ ¡S FOR fl.tE MIX 

"2020, &'NHEN ITS COHPONENTS I{ERE COMBINED FOR THE FIRST T¡ME')2030, co ro 130
2040, 110 r¡RrrE (6,120)
2050. 120 FORl,rÀÎ (//////,4r1, 'THE FOLLOîi¡NG DÀTÀ IS FOR Í.¡HEN THE 

"2060, &'HÀRDENED ORIGINÀL MIXTURE WÀS CRUS¡IED AND REMIXED'}
2010, '1 30 r¡RrrE (6,'140) XSTÀRT
2080. 1{O FORMÀT I//////,I'1, 'THE VÀLUE OF XSTÀRT REÀD IN ¡S"
2090. &2x,F6.3)
2100. wRrTE (6,150) MTXNO,HÀX10
2110. 150 FORl.tÀî (//////,4x,
2120. &'ÎHE VÀLUE OF MÀX10 THÀî WÀS REÀD IN FOR MIX NLM8ER"I5,
2130. &3X,'rS"3X,r4)
214 0. HRITE (5,160) YMAX
2150. 160 FOR.r.rÀÎ (//////,4A,'lHE HTGHESI STRESS Tl.lÀT l.tÀS REÀCHED 

"2160, &'DURING THE TEST WÀS 

" 
3X, F6 , 1 ,3X, ' PSI ', )

2170. rF (DÀSH.EQ.0) GO TO 180
2180. r{BrrE (6,170)
2190. 170 FORMÀÎ l//////,4X,',DURING Tr{E îESTING,"
2200. &' THIS M]X DID NOl I{ÀVE PEÀK LOÀDS FOR ÀLL OF lHE SPECIMENS.,)
2210. cO TO 200
2220, 180 v¡RIlE (6,190)
2230, 190 FORHÀT (//////,4r,',DuRrNG Tr{E TESTTNG,',
2210. &' THIS I'IIX ¡{ÀD PEÀK LOÀDS FOR ÀLL OF THE SPECTI,IENS.')
2250. 200 r,¡RI TE (6,210) HTXNO,N
2260, 2r0 FoRMÀÎ l//////,4x,
2210, &'THE TOTÀL NLJ¡'IBER OF DÀTÀ POINTS REÀD IN FOR I'llX NIMBER"
2280, Êr5,4x,'¡S"r?)
2290, wRITE (6,220) Nf,N2,N3
2300. 220 FoRMÀr (//////,rx,
2310. &'THE NIJì.í8ER OF DÀTÀ POINTS REÀD IN FOR SPECIMEN NL'I'(BER 1 =',
2320, e1a,r3,//,42X,'SPECTMEN Nrn'lBER 2 .',1t,13,//,42X,,
2330. s'SPEC¡MENNITMBER 3."1.r{,¡3)
2 3{0. c
2350. C REÀD ÀND I{R¡îE OUT THE DÀTÀ POINTS FOR THE I'ÍIX.
2350. C
2370, REÀD (5,r) (XRÀvl(I),YRÀY1 (r),r-1,N1)
2380. READ(5,r) (XRÀY2(J),YRÀYz(J),JÈ1,N2)
2390. REÀD(5,r) (XR.Ày3(K),yRÀY3(t(),K-1,N3)
2{00. c2{10. r{RITE (6,230) r,rr XXO,DÀv
2420. 230 PORXÀT (i 1'. ,////////,32X,'DÀrÀ porNrS"//,30X,
2¿30. &'Mrx NIJITBER',15,//,29t,,\2,3X,'DÀY STRENGTH')
24t0. IF (REürX,EQ.0) GO TO 250
2450. HRrTE ( 6,2{0 )
2460. 240 FOR¡'IAT (/,35X,'REHIx')
2470, 250 wRr rE ( 6.260 )
2{80, 250 FORXÀÎ( // ,4X, ', DÀTÀ NUIIBER I 

, ',1 OX, ' X-VÀLUES (STRÀIN-%)"10X,
2{90. &'y-vÀLlrEs ( sTREss-Psr )"/)
2500, r{RrTE (6,2?0}
2510, 2?0 FORr.nl (/,{X,',SPEC¡!'EN NUMBER 1"/l
2520, ¡{RrTE (5,300i (I,XR¡Y1 (I ),YRÀYl(I ),r.1,Nl)
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2530,
2540,

2560.
2510 ,

2s80.

2600.
2610,
2620 ,
2630.
2640,
26s0.
2660 ,
2610 ,
2680,
2690.
2700 ,
2710.

wRrrE (6,280)
280 FORMÀT (//,4X,'SPECIT'GN NTJMBER 2"/)

r{RrlE (5,300) (J,XRÀy2(J),yRÀy2(J),,:=1,N2)
erRr îE ( 6,290 )

290 FORr'rÀT (//,4X,'SPECr!'GN NU).|BER 3' ,/)
wRrrE ( 6,300 ) (K,xRÀy3(K),yRÀy3(K),K=1,N3)

300 FORr'rÀT (' 
"7X,I3,17X,F10.3,19X,F10.1)c

C ÀDJUST THE X-VÀLUES 9¡ITH XSTÀRT TO CORRECT FOR
C EXPERIMENTÀL ERROR.

DO 310 I=1,Nf
XNEÍ{I (I) . XRAY1 (I) - XSTÀRT

3'I O CONTINUE
DO 320 J=1,N2
xNEf.¡2(J) - X¡ìÀY2(J) - ASTÀRT

320 CONTI NUE
DO 330 K=1,N3
XNEÎ.I3(K) . XRAY3(K) . XSTÀRT

330 CONTINUE
c
C WRITE OUl lHE NE!¡ ÀDJUSTED X-VALUES ÀND ITS CORRESPOÑD¡NG
C Y-VÀLUES.
c

r,rRr TE ( 5,340 ) HIXNO,DÀY
340 FORr'rÀÎ l ' 1' , / / / / / / / / ,27X, i ÀDJUSTED DÀTÀ pOrNlS', ,/ / ,30X,

e'Mrx Nr,Jl.rEER' ,Ia , / / ,29t ,12 ,3x, '| DÀy STRENGTH' )
rF (REM!X.EQ.0) GO TO 360
f{rr TE (6,350)

350 FOR¡{ÀÎ ( /,35X, T REMI X' )
360 r{RrlE ( 6,3?0 )
370 FORI.{ÀT(//,4X,'DÀÎÀ NrntBER' , ',1 0X, ' X-VÀ[,UES (STRÀIN-N)"10X,

& '| 
y-vÀLUES (SIRESS-PSI )' ,/)

wlrrE ( 6,380 )
380 FoRMÀr (/,{x,'spEcrHEN NUMBER 1' ,/l

wRrrE (6,410) (r,XNEH1 (I ),vRÀY1 (r ),r.1,N1)
erRr TE ( 6,390 )

390 FoRl.rÀT (//,¿x,'spEcrMEN Nr.rÌ'rBER 2' ,/)
t{lrlE (6,410) (,l,XNEW2(J),vRÀY2(J),J.1,N2)
r.rRr lE ( 6,400 )

400 FoRnÀT (//,{x,'sPEcrMEN NU}íBER 3' ,/)
wRrrE (6,{10) (K,nNEw3(K),yRÀv3(K),X'1,N3)

{10 FORMÀT (' 
"?X,r3,1?X,F10,3,19X,Fl0.1)c

C PLOT OUT î¡{E ÀDJUSTED DÀîA POINIS.

llNEr{l (N',1+1). 0.0
YRÀY1 (N1 + 1 ). 0. 0
XNEHI (N1+2). 5.0
yRÀY1 ( N1+2 ). 160.0

xNE¡{2 (N2+1). 0,0
yRÀY2 (N2+',l ). 0.0
XNEW2 ( N2+2 ). 5,0
YRÀY2 (N2+2 ). 150.0

c
:{NE9l3 ( N3 +',l ). 0.0
YRÀY3 (N3+1). 0.0
XNEW3 (N3+2), 5.0
vR.ÀY3 (N3+2 )- 160.0

c
cÀLL LINE (XNEW1 ,YRÀY1 ,N1,1,-1,0)
cÀLL LINE (XNEW2,vRÀv2,N2,1 ,-',| ,2\

760,
10,

?80.
90.

800.

20.
30.
40.

10.
20,
30.

?0.

900.

20,
30,
¿0,
50.

840.
50.

860.

880.

960.
70.

980.

000.
10.

3030,
3040,
3050,
3060,
3070,
3080,
3090,
3r00,
3110,
3120 .

3130.
31{0 .
3150.
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cÀLL rrNE (XXEW3,YRÀY3,N3,1 
, -1 ,3 )31 60.

31?0.
3180,
3190.
3200,
3210.
3220,
3230.
3240.
3250.
3260.
32?O,
3280.
3290,
3300.
3310.
3320.
3330.

c
c

c

c

REÀD ÀND Î{RITE OUT THE CONSîÀNîS (C-VÀLUES).

REÀD (5,r) (C(¡),I=1,t¡)
wRtTE (6,{20) Ht Xr'¡O,DÀY

420 FoRHÀr l' 1 ' , / / / / / / / / ,11 x , ' c vÀLUEs',//,9¡{,'Mrx NUI,IBER'
e1x,r2, / /,8x,r.2, 1x,'DÀY SîRENGTH' )
IF (REMIX.EQ.O) GO TO 440
TrR¡ TE (5,{30)

430 FORI,ÀT ( /,13X,'REMIX', )
{{0 Î{RITE (6,¿50)
450 FOR¡.íÀT ( / / ,4X,'Cl ) ' , 1 5X, ', VÀLUE, , / )

wRrrE (6,{60) (r,c(¡ ),r-1,M)
460 FORMÀT('0' , i¡X, r 2,12X,F 12.7 )

CÀLCULÀTE T¡{E PLOTÎING POINîS FOR THE BEST FIT CURVE.

NSUI'I .0
Do 480 I=1,1'lÀx10,1
t(l = .t

x(I ) . ((RI/10.0) - 0,1)
XTEMP = X(I) + XSTÀRT

c
C THE USER OF THIS PROGRÀM SHOULD TÀKE NOTE OF TI{E
C FOLLOIIING:

C 1) THE FUNCTION DEFINED ON TI{E NE'(T RECORD OF THE
C PROGRÀT-I. THIS IS THE FUNCTION OF THE BEST F¡T
C CI'RVE THÀT I{ILL BE DRåI4N THROUGH THE DÀTÀ
C POINTS,
c
C 2) THE NUMBER OF CONSTÀNTIS (C'S) REÀD INTO TIIE
C PROGRÀM I.{UST BE EQUÀL 10 ÀXOUNT DEFINED IN
C TH¡S FUNCTI ON.

C 3) ONE MUST I'IÀKE SIjRE THÀî TIIE CONSTÀNTS ÀRE REÀD
C IN THE PROPER ORDER TO THE CORRESPOND¡NG ONBS
C DEFINED BY THE FUNCTION,

y(I) . (c(1)r¡(îEMp) + (c(2)r(xrEHp*r2))
c

rF (¡.8Q,1) cO TO ¿70
¡F (Y(r ).LT.v(r-1) ) co ro {90
rF (Y(r).GT,vMÀl{) GO 10 490

470 NSt l,l . NStJlil + 1

480 CONTI NUE

C LISÌ THE BESî FIT CURVE PLOTÎING VÀLUES.
c

{90 wRrrE (6,500) HIXNO,DÀY
s00 FoR.r.{Àr (' t,,/ / / / / / / /,2¿x,

å'8ES1 FIT CT RVE PLOTTTNG VALUES"//,31X,'¡rrx NUT,TBER',r5,
el/ ,29t,12,3x,, 'DAY SÎRENGTH')
rF (RE¡'|¡X.EQ.0) cO rO 520
r{Rr TE ( 5,51 0 )

510 FORI.{ÀT ( /,35X, 'RE$rx' }
520 wrrTE (6,530)
530 FOR}'IÀT (//,{X,'PLOTTTNG NI,MEER ' , 1 0X, ', X-vÀLrrES (SÎRÀIN-X)',

&10x,'y-vÀLUEs ( STRESS-PS r ) 

"/)wRITE (6,5{0) (I,x(I ),v(I ),I.1,NSUü)
5{0 FORXÀT ( ",9x,r3,21X,F8.3,22X,F7. 1 }

c

440.
50.

460.
70.

{s0.
90.

500.

380.

{0.
50.
60.
70,

00.
10,
20,
30.

0,
20.
30.
{0.

s80.
590.
600.

10.
20.
30.
{0.
50.

560.
?0.

660.
70.

580.
90,

700.
10.
20.
30.

740.
50.

750.
70.

780.
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PLOT OUT THE BEST FIT CURVE.

x (Nst¡{+1)= 0,0
y (NSU¡a+1)= 0.0
x ( NstIM+2 ) = 5.0
y ( NSUM+2 ). 160.0

CÀLL NEWPBN (8)
cÀLL FLINE (X,Y,-NSUH,1 ,0 ,0 )

rF (DÀS¡{,E0.0) Go To 550
XDÀSH = (x(NSut{)/5.0) +0.12
YDÀSH t Y(NSUH)/160,0
XEND=4.0-XDÀSH
CÀLL PLOT (XDÀSH,YDÀSH'-3 )

cÀr,L DÀSHP (XEND,0.0,0. 12 )
CÀLL PI,OT ( -XDASH, -YDÀSH '.3 )

550 CÀLL NEÍ.TPEN ( 1)

3790. C

3800, c
3810 ,

3820.
3830.
38{0.
3850, C
3860.
3870,
3880.
3890.
3900,
3910.
3920.
3930.
3940.
3950.
3960. C
39?0. C
3980, C

é000. c
é010,
4020.
4030.
4040.
4050.
4060.
4070.
4080.
4090.
4100.
4110.
4120.
4130,
4140,
4150.
4160.
4170.
41 80.
4190.
4200.
{210.
a220 ,
4230.
a240 .
¿250.
4260.
t210 ,
{280.
4290 ,
{300.
4310.
{320,
{330,
{ 3¡10 .
a350.
4360.
{370.
¿380,
{390,
{{00.
{{10.

PUT MÀJOR ÀND MINOR ¡NFORI'IÀT¡ON TNÎO THE LEGEND.

IF (NF.NE.1) GO TO 55'1
cÀLL SyMBOL (2.74t6.86,0'14,'l'lIX NO. 1' '0'0'9)cÀLL Sv!.lBOL (2.88 ,6, 58 ,0. 1{ , ' 0Z LIME"0.0'7)
cÀLL syMBoL ( 2.845,6' 3?,0'0?,' oNE LrNIl cLÀY"0. 0' 1 3 )

cÀLL SyMBOL ( 3,055;6.23 ;0.0? , ' 33 ' 32 SÀND' '0.0 ' 
10 )

õ¡i¡, svu¡o¡. (3.055;5'o9;o.01,'1,75l FIBRES 

"0.0 ' 
12 )

è¡¡,¡, svu¡o¡, (3.055;5'9s;0.0?,' 83x M'c" '0'0'10)cÀr,r, svMBoL ( 2. s45;5,7{ ;0.07, ' 28-DÀY srRENcrH' ,0'0'15)
cÀLL SYMBOL (3.16,5.53,0.0?,'= CUEE 1"0.0,8)
cÀLL Svr.tBoL ( 3, 1 6, 5. 39, 0. 0? r'. CUBE 2 

" 
0. 0'8 )

cÀLL SY¡IBOL ( 3. 1 6, 5' 25, 0. 07,'. CUBE 3 .,0. 0'8 )
GO TO 600

551 rF (NF.NE.2) GO îO 552
òi¡,¡, sw¡o¡, (2.74,6.86,0.14,'MIx No' 2' ,0.0,9)
CALL SyMBOL (2.88,6.58,0.1{,'3Z LIHE 

" 
0.0,7 )

ð¡ii ivu¡ol ( 2. 8{ó, 6. 3i, 0. 0?,' oNE t Ntr cLÀY 

" 
0. 0' 1 3 )

õ¡ii lvu¡ol ( 3. oss ;6. 23 ; 0. 01,' 33. 3z sÀND', 0. 0' 1 0 )

èiir sw¡or. ( 3 . o s s ; 6 . 0 9 ; 0 . 01 ,' 1 '15?1 FrBREs"0.0,12)
CALL Svr.rBoL (3.055;5.95,0.07,' 1402 Èr.C.' '0.0,10)cÁii svxsot, (2.8{5;5'7{;0'07,'28-DÀY STRENGTH ' 

' 
0 .0 

' 
1 5 }

CÀLL SyMBOL ( 3 ' I 5 , 5 ' 5 3 
' 

0 . 0 7 , ' ' CUBE 1',0.0'9¡
CALL SYMBOL ( 3 . 1 6 

' 
5 . 3 9 

' 
0 . 0 7 

' 
' ' CUBE 2"0.0'8)

cÀLL sYl.{BoL ( 3 . 1 6 , 5 . 2 5 
' 

0 . 0 ? 
' 

' ' CUBE 3.'0.0'8)
GO TO 500

5s2 rF (NF.NE.3) GO 10 553
cÀLL Syxrol. Q,74,6'85,0,14,'ÌlrÍ NO. 3:,9.9'?l
cÀLL syMBoL ( 2. 7{ ;5' 58, 0. 1 {,' ¿. 5x LIME" 0. 0'9 )

èÀii svvsor' ( 2.8{á,6. 3?, 0' 07,' oNE uNrr cLÀv 

"0. 
0' 1 3 )

c¡i¡. svr¡¡o¡, ( 3.055;6.23 ,0.07 , ' 33.3x sÀND"0.0'10)
ðiii iv¡,r¡o¡, ( 3. os5 ;6. o9 ; o. 01,' 1,1 5z FrBRES 

"0. 
0' 1 2 )

è¡ii svx¡o¡. (3,0ss;5.9s;0.01 ,' 1r2z x.c."0.0'10)
èiii svusor ( 2.8{s;5,7{;0.07;'28-DÀY srRENcrH .' 0.0 

' 
1 s )

cÀLL sYlrBoL ( 3. 1 6,5. 53' 0' 07''' CUBE 1 

"0. 
9'9 ¡

cÀLL SYI'IBOL ( 3 ' 1 6 , 5 . 3 9 
' 

0 ' 0 7 , ' ' CUBE 2"0.9'q¡
CALL SYt{8oL ( 3 . 1 6 

' 
5 . 2 5 

' 
0 . 0 7 

' 
' ' CUBE 3.'0.0'8}

GO TO 600
553 rF (NF.NE.{) GO TO 55{--- õÁ¡,i'ivr,rior t z, rl,s.86,o ' 1{,'MIx No. {"0.0'9}

cÀLL STI{BOL (2.88,6.58,0.1{,'63 LII'|E"0.0'7) -õ;l; õvüãól ( ã' orå,s. ¡i,0. oi,' onr uxrt cLÀY',0. 0' 1 3 )

ü;; ¡yiñõi i !. oss,s. z¡,0. 07 ;' x.3x sÀND"0. 0' 1 0 )
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4420. CÀLL SYMBOL (3,055,6,09,0.07,'1.75u FrBRES"0.0,12)
4430. CÀLL SyMBOL (3.055,5.95,0.01 ,' 1449l M.C, 

"0,0,10)4440. CÀLr SYMBOL ( 2 . I { 5 , 5 . 7 4 , 0 . 0 7 , ' 2I -DÀy STRENGT'j ' ,0 .0 , f 5 )
4450. CÀLL SYMBOT ( 3 . 1 6 , 5 . 5 3 , 0 . 0 7 , ' = CUBE 1.,0.0,8)
4450. CÀLL SyMBOL ( 3 . 1 5 

' 
5 . 3 9 , 0 . 0 7 , ' = CUBE 2"0.0'8)

4470. CÀLL SyI'IBOL ( 3 . 1 5 , 5 , 2 5 
' 

0 . 0 7 
' ' = CUBE 3"0,0,8)

4{80. GO TO 500
4490. 554 ¡F (NF.NE.5) cO TO 555
4500. cÀLLSyHEOL(4.00,6.95,0,1{,'À"0.0,1)
{510. CÀLL SyÌ,tBOL ( 2 . 7 4 , 6 . 8 6 , 0 , 1 4 , ' Mr X NO. 5,,0.0,9)
4520, CÀLL SYMBOL (2.88,6.58,0.14,'82 L¡l'rE"0,0,7)
{530. CÀLL SyMBOr, ( 2 . 8 { 5 , 6 . 3 ? , 0 . 0 7 , ' ONE UN¡T Cr.Ày',0.0,13)
{5¿0, cÀLL Syr'rBoL ( 3 . 0 5 5 , 6 . 2 3 , 0 . 0 ? , 

| 
3 3 . 3X SÀND' ,0.0,10 )

4550. CÀLL Syl'tBOL (3.055,6.09,0,07,',1.75X FrBRES"0.0,12)
4560. CÀLL SYMBOL (3,055,5.95,0.01 ,' 1t1u r'r.C. 

"0.0,10){570. CÀLL SyMBOL (2.8{5,5.74,0.07,'28-DÀy SÎRENGTH' ,0 ,0 , 1 5 )
{580. cÀLL SYMBoL ( 3 . 1 6 , 5 . 5 3 , 0 . 0 7 , ' = CUEE 1 ' ,0.0 '8 

)

{590. CÀLL SyMBOL (3.16,5.39,0,07,'. CUBE 2i,0.0'8)
4600. CÀLL SyMBOL (3.16'5,25'0,0?". CUBE 3r '0.0'8)4610. cO TO 600
4620. 555 rF (NF.NE,6) GO TO 556
4530. CÀLL SYMEOL ( 4 . 0 0 , 6 . 9 5 , 0 . 1 4 , ' I ' , 0 . 0 , 1 )
{640. CÀLL SYMEOL 12.74,6.86,0.14,'r.nX NO. 5,'0.0,9)
4650, CÀLL SyMBOL ( 2 ,88 ,6 , 58 ,0. 14 , ' 8Z LIME"0.0,7)
{650. CÀLL SYMBOL (2.845,6.37,0,07,'|ONE UNrT CLÀy"0,0,13)
¿670. CÀLL Syr'r8OL (3.055,5.23,0.0?,'i33.3XSÀND"0.0,10)
4580. CÀLL SyltBOL (3.055,6.09,0.07,'1.?5%Fr8RES"0.0,12)
4590. CÀLL SYMBOL (3,055'5.95'0,07 

" 
141% Ì.t.C. 

"0.0,10){700. cÀLL SYMBOL (2,845,5.74,0.07,',28-DÀY SîRENGTH ' ,0 ,0 , 1 5 )

4? 10. CÀLL SYIIBOL ( 3 . 1 5 , 5 . 5 3 , 0 . 0 ? , '= CUBE 1 r 
'0.0 '8 

)

4120. CÀLL SYHBOL ( 3 . 1 6 
' 

5 . 3 9 , 0 . 0 7 r ' . CUBE 2,'0.0'8)
4730. CÀLL SYMBOL ( 3 , 1 6 , 5 . 2 5 , 0 . 0 7 , ' = CUBE 3',0.0'8)
4740. cO TO 500
4?50. 556 rF (NF,NE,7) GO TO 557
4760. CÀLL Syt'tBOL (2.7{,6.86,0.1{,'MrX NO, 6''0.0,9)
4770. CALL SYMBOL (2.81,5.58,0,14,'202 SÀND"0.0,8)
{?80, cÀLL SYMBOL (2,845,6.37,0.07,'ONE tNrrCLÀY"0,0,13)
4190. CÀLL SYMBOL ( 3 . 0 5 5 , 6 . 2 3 , 0 , 01 ,'1.752 FrBRES"0,0,12)
{800. cÀLLsyMBoL(3,055,6.09,0.07,' 4.5%LIl'tE"0,0,10)
{810. CÀLL Sytit8oL (3.055,5.95,0.07,'| 130X¡t.C,"0.0,10)
{820. CÀLL SYMEOL (2.8{5,5.74,0,0?,'28-DÀY STRENGTH ' ,0 .0 , 1 5 )
4830. CÀLL SYMEOL (3,15'5,53'0.07,'. CUBE 1r '0.0'8){840. CÀLr Sv}l8OL (3.16,5.39,0.07,'. CUBE 2,'0.0'8)
{850. CÀLL SY}IBOL ( 3 . 1 5 

' 
5 . 2 5 

' 
0 . 0 7 

' 
' . CUsE 3"0.0'8){860. co ro 600

48?0. 557 IF (NF,NE.8) GO TO 558
4880. CÀLL Sy!,fBOr ( 2 . ? { , 6 . 16 , 0 . 1 { , ' Mr X NO. ? 

" 
0.0,9 )

{890. CÀLLSnTBOL (2.81,6.58,0.1{,',{5lSÀñD"0.0,8)
4900. cÀLLSytrBoL (2.8a5,6,37,0.07,'ONEtNtrCLÀY'i,0.0,13)
49',10, CÀLL SyMTOL (3,055,6.23,0.07,'1.75% FI8R8S"0.0,12)
{920. cÀLL SyüBOL (3.055,5.09,0.07,' l.5N LIH8"0.0,10)
1930. cÀLL Svr'ßoL (3.055,5.95,0.07,' 141Xr,r.C."0,0,10)
{9{0. cÀLL Sy}{BOL (2.8{5,5.7{,0.07,'28-DÀv STRENGTI.I | ,0.0,15)
{950. CÀLL SYI'IBOL (3.16'5,53'0.0?". CUBE 1"0.0'8)
{960, CALL SvxBOL ( 3 . I 6 , s . 3 9 , 0 . 0 ? , ' ' CUBE 2',0.0'8)
1910, cÀLL SYI'ÍBOL ( 3 . 1 6 

' 
5 . 2 5 

' 
0 . 0 ? ¡ ' . CUBE 3"0.0'8)

4980. co TO 600
{990. 558 rF (NF.NE.9) cO TO 559
5000. cÀLL sv¡rBol (2.7{,6.86,0.1{,'MrX NO. 8"0.0,9)
5010. cÀLL SyMBOL (2.8r,6.58,0.1{,'50U SÀND"0,0,8)
5020. cÀLr svr.{BoL (2.8{5,6.37,0.07,'oNE UNIT CLÀY"0'0,13)
5030. CÀLL STT.TBOL (3,055,6.23,0.07,"1 ,75N TIBRES' ,0.0,12)
50{0, cÀLL SYMÈOL (3.055,5,09,0.07,', 4.5% LIIíE"0.0,10)
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5050. cÀLL Syr.{BOL (3.055,5.95,0.01,' 136% M.C. 
"0.0,10)5060. cÀLL SYHBOL (2.8¿5,5.7{,0.0?,,28-DÀy STRENGTH i . O. O . 1 5 )5070. CÀLL STMBOL (3,16,5.53,0.07,'= CUBE 1',0,0,8)5080. cÀLL syMBoL ( 3 . r 6 , 5 . 3 9 , 0 . 0 ? , 

, = cuge 2,;O.O;B)s090. cÀLL sYt'tBoL { 3 . 1 6 , s . 2 5 , 0 . 0 7 , 
, = CUBE 3';o.O;B)5100. GO TO 600

5110. 559 IF (NF.NE.10) cO TO 560
5120. cÀLL SYMBOL (2.74,6,86,0,14,'Mrx No, 9"0.0,9)5130. CÀLL Syr.tBOL ( 2 . 60 ,6 . 58 ,0 . 1 4 , ' 1 ,0U FrBRES',0:0,11)5140. CÀLL SyxEOL 12.92:6.37,0.07,,Or¡s uN¡r clÀi, ,0:0,13)5150. CÀLL SYMBOL ( 3 . 1 3 , 6 , 2 3 , 0 . 0 7 , ' 3 3 . 3X SÀND"0.ó,10i5160, CÀLLSyÌ,rBOL (3.20,6,09,0.07,'¿.52LIME"0.0,5)
51 70. CÀLL SYMBOL ( 3 .20 ,5. 95 ,0. 07 ,' 124% M,C. ' ,0. 0 ,9 )5180. CÀLL SylrBOL (2.845,5.?{,0,02,'28-DÀy STRENG.iH' , O. O , 1 S )5190. cÀLL SYMEOL ( 3 . 1 6 , 5 . 5 3 , 0 , 0 7 , 

, . CUBE 1 ' ,0.0,8 )5200. cÀLL Syl.tBoL ( 3 . 1 6 , 5 . 3 9 , 0 . 0 7 , ' - cuBE 2,,0.0;8)5210. CÀLL SyMBOL (3.16,5.25,0.07,'. CUBE 3',0,0,8)5220, GO TO 600
5230. 560 rF (NF.NE.11) cO TO 561
5240. CÀLL SYMBOL (2.67,6.86,0.14,'MrX NO. 10"0,0,10)
5250. cÀLL Syr,tBoL {2,60,6.58,0.14,'2,5%Fr8RESi,O.ó,11)
s260, cÀLL SyÌ.tBOL (2.92,6.37,0.01,'ONE UNrT CLÀy,,0.0,13)5270. cÀLr syMBoL ( 3 . 1 3 , 6 . 2 3 , 0 . 0 ? , ' 3 3 . 3z sÀND' ,0, ó,10 i5280. cÀLL SyMBO! ( 3 . 2 0 , 6 , 0 9 , 0 , 0 7 , , 4 . 5X LrME"O.O,9)5290. cÀLLSYMBOL (3.20,5.95,0.07,'138UM,C,,,0,0,9)
5300. cÀLL SYHBOL (2,8{5,5.74,0.07,'28-DÀy STRENGTH, , O . O , 1 5 )5310, CAIL Syr.rBOL (3,15,5.53,0.0?,'. CUBE 1',0.0,8)
5320. CÀLL SyMBoL ( 3 . 1 6 , 5 . 3 9 , 0 . 0 7 r 

, - CUBE 2',0.0,8)5330. cÀLL Syr'tBoL ( 3 . 1 6 , 5 . 2 5 , 0 . 0 7 , ' . cuBE 3';0.0;8)53{0. GO TO 600
5350. 551 rF (NF.NE.12) cO TO 562
5360. cÀLL SYMBOL (2.67,6.85,0.14,'MrX NO. 11"0.0,10)
5370. cÀLL Syt{BOL ( 2 , 60 ,6. 58 ,0. 14 , 

, 5. 0Z FI8RESi,0.0,11)5380. cÀLrJ syr{Bo!, 12.92t6.31 ,0.07,'oNE LJNIT CLÀy, ,0.0,13)5390. cÀLL SVHEOL ( 3 . 1 3 , 6 , 2 3 , 0 . 0 7 , ' 3 3 . 3Z SÀND, ,0, ó,10 i5400. CÀLLSYMBOL (3.20,6.09,0.07,,4.5XLrr,fE"0.0,9)
5410. cÀLL SYMBOL (3.20,5.95,0.07, ' 148N M.C.' ,0.0;9)5420. cÀLL SYMBOL (2.8{5,5.7¿,0.07,'28-DÀy STRENG'iI.1' ,0 .0 , 1 5 )5430, CÀLL SYMBOL ( 3 . 1 6 , 5 . 5 3 , 0 . 0 7 , ' - CUBE 1"0.0,8)
5¿40, CÀLL SYMEOL ( 3 , 1 5 ,5,39 ,0. 0? , ' . CUBE 2',0.0,8)
5{50. cÀLL SYMEoL (3.16,s,25,0.07,'. cuBE 3',0.0;8)
5460. co 10 600
5{70. 562 IF (NF,NE,13) cO TO 500
5{80. cÀLLSy¡'r8OL (2.?¿,6,85,0.1¿,,r,trxNO, 1',0,0,9)
5490. cÀLLSYMBOL (2.88,6.58,0,1{,,0ULIr,E"0.0,7)
5500. cÀLrJ syltBol (2.8{5,6.37,0.0?,'oNE ttN¡1 clÀy"0.0,13)ss10. cÀLLSYMBOL (3.055,6.23,0.07,,33.3XSÀND"0.0,10)
5520. cÀLL SYMBOL (3.055,6.09,0.07,'1.75ZFrBRES',0:0,12)
5530, cÀLL SYMBOL (3.055,5.95,0.0?,, 83U !r.C,',0.0,10)q540, cÀLL SyMBOL (2.8{5,5.7¿,0.07,'28-DÀy STRENGm' ,0 .0 , 1 5 )5550. cÀLL SYMBOL (3,16,5.53,0.07,'. CUBE 1"0,0,8)
5560. CÀLL SYMBoL (3.15,5.39,0.07,'. CUBE 2',0.0,8)
55?0. cÀLL Syt{8OL (3.16,5.25,0.07r'. CUEE 3"0.0,8)5s80. co ro 600
5590. c
5600. C TT{E FOLTOI{ING RECORDS WILL PLÀCE THE STUBOLS USED FOR
5610, C PLOTÎING lHE DÀîÀ POÍNTS INTO THE LEGEND. ONE SYI,ÍBOL TTTLL 8E
5620, C USED FOR EÀCH DIFFERENT CUBÊ.
5630, c
55{0. 500 rF (REr,trx.EQ.1) co To 610
5650. cÀLLSyt't8oL(3.055,5.565,0,07,0,0,0,-1)
5660, CALLSyHBOL(3.055,5,{1333,0.0?,2,0.0,-1)
5670, cÀLLSII{BOL(3,055,5.285,0.07,3,0.0,-1)
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s680. co ro 620
5690. 610 CÀLL SyMBOt (3.055,5.285,0.07,0,0.0,-1)
5700. cÀLL Syr.rBot ( 3 . 0 5 5 , 5 . 1 3 3 3 3 , 0 . 0 ? , 2 , 0 . 0 , - f )

5710. CÀLL Syl.l8ot ( 3 . 0 5 5 , 5 . 0 0 5 , 0 . 0 ? , 3 , 0 . 0 , - 1 )
5120, C

5?30, 620 CÀLL PLOr (12.0,0.0,999)
5740. C

5?50. C ------ END OF PLOTTING ------
5760, C

5770, C

5780, C
5790 r C r**r*rrtft*!¡t**átt*t** i * r t * t * * t t i * * i * i¡ * t i t I t * ir

5800. c r
5810. c r
5820. C * ÀDJUSTED COEFFICIENT OF I'IULI¡ PLE DEfERI.IINÀTION *
5830. C r
5840. C i
5850. C *r***rr****r***it*t***t*t***t**t!¡tiltrttti**rt**i*r¡tt*tttttt
5860. C
58?0. C
s880. c
5890. C ÑOTES: 1) TH¡S PROGRÀT'' FOR CÀLCULÀTING THE ÀDJUSTED COEFFICIENT
5900. C OF MULTIPLE DETER¡{INÀT¡ON WILL TÀKE ]NÎO ÀCCOUNT ÀLL
5910, C TI{E DÀTÀ POINTS REÀD IN, UP TO ÀND INCLUDTNG BOTI{ THE
5920. C MÀXI HIJM X ÀND Y VÀLUES. IT IS REMINDED îHOUGH, THÀT
5930. C THE BEST FIl CURVE IS PLOTTED JUST TO THE PO¡NT BEFORE
59¿0. C À NEGÀTIVE SLOPE STÀRTS OR ÀFTER YI{ÀX TS REÀCHED.
5950. C TIJEREFORE THE BEST F¡Î CURVE MÀY OR MÀY NOT OF BEEN
5960. C DRÀWN TO THE MÀX¡ MIJM X.VÀLTJE DÀTÀ POTNT.
59?0. C
5980. C 2I FOR TI{E ÀDJUSTED COEFFICIENT OF II{ULTI PLE DETERI'IINÀT¡ON
5990. C TO BE CORRECTLY CÀLCI'LÀîED, T¡.IE BEST FIT EQUÀT¡ON USED
6000, C IN THIS PÀRT MUST MATCH WITH THE ONE USED ÀBOVE
6010. C (SEE "THE BEST FTT EQUÀT¡ON").
6020. c
6030. c
6040. C TRÀNSFER THE ÀRRÀYS XRÀY1 ,2,3 ÀND YRàY1 ,2,3 1O ÀRRÀYS
6050. C MXDÀTÀ ÀND I'ÍYDÀTÀ RESPECTIVELY.
6060, c
6070. c
5080. P1 - '1

6090. P2. P1 + (N1-1)
6100. DO 630 DP.P1 ,P2
5110, I . DP
6120. l'fxDÀîÀ(DP) . XRAY1 (r )
61 30. MYDÀTÀ (DP } . YRÀYl ( ¡ )
6'1{ 0. 630 CONETNUE
6150. P3 . P2 + 1

6160. P4 . P3 + (N2-1)
6170. DO 640 DP.P3,P¡¡
6180. J.DP-Nl
6190. TO{DÀTÀ(DP) . XRÀY2 (J )

6200. MYDÀTÀ(DP) . YRÀY2 (J )
621 0, 640 CONTINUE
6220, P5 . P{ + 1

6230, P6 . P5 + (N3-1)
6240, DO 650 DP.P5,P6
6250, K'DP-N2-N1
6260. MXDÀTÀ(DP) . XRÀY3 ( K )
6270, IIYDÀTA(DP} . YRÀY3 (K )
6280. 650 CONTTNUE
6290, C

6300. C CI{ECK TO SEE TF THE TRANSFER OF THE ÀRRÀYS WÀS
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5310. C SUCCESSFULLY DONE BY HR¡ÎING OUT TI{E ÀRR.AYS I.Í'{DÀTÀ ÀND MYDÀTÀ.
6320. C

5330, rnrrE (6,660) MTXNO,DÀY
6340, 650 FORMÀÎ ( ' 1' , / / / / / / / / ,3 2x, ' DÀrÀ pOrNlS',,//,30x,
6350. &',MIX NUI'íBER',r5,//,2911,12,3X,'DÀy STRENGTH')
5360, rF (REMrx.EQ.0) GO 1O 680
6370, wRrrE (6,670)
5380, 6?0 FORMAÎ (/,35X,'REt'fIr<' )

6390, 680 wRrrE (6,690)
6400. 690 FORr'{ÀT (/ / ,26X, '"ÀRRÀY TRANSFER CHECK'', )

6410. lnr rE (6,?00)
6420. ?00 FORì4AT(//,4X,'DÀTÀ ñUMBER' , 10X, '| X-VÀLUES (STRÀrN-Z)"10X,
6430. e,y-vÀLuEs (slRESS-pS¡ )' ,/)
6{{0. r4RI lE (6,710) (L,MXDÀTÀ(L) ,r'fyDÀTÀ(L),L=1,N)
6450. ?10 FORl.rÀT (' 

"7X,r3,17X,F10.3,19X,F10.',1 
)

5460, C
6470, C DETERI.II NE THE ERRoR St l.l oF SQUÀRES
6480, C wrTH RESPECî TO Y - (SSEY).
6490. C
6500. c ----- "THE EEST Frl EQUÀTION" -----
6510. C

6520, SSEY.0.0
6530. DO 720 NR.I,N
6540. XR2 . MX.DÀTÀ ( NR )
6550. y8F = (C(',1 )*XR2) + (C(2)r(XR2**2))
6560. D¡PFE . MYDÀTÀ(NR) - YBF
65?0. ÀDIFFE. ÀBS (DI FFE )

6580. SSEY - SSEY + ( (ÀDTFFE)**2)
6590. 720 CONTTNUE
6600, c
6510. C DETERMINE THE TOTÀL SI'I'Í OF SQUÀRES
6620. C I.¡I TH RESPECT TO Y - (SSTY).
5630. C

6640. SSTY . 0.0
6650, SUI'IY = 0.0
5660. DO 730 NR=Í,N
6610. ST.'MY . SIJHY + MYDÀTÀ(NR)
6680. 730 CONTTNUE
6690, RN = N
6?00. ÀvGY - Sln'rY/RN
5710. DO 7¿0 NR.1 ,N
6720, DIFFY - (MYDÀTÀ(NR) - ÀVGY)
6730. ÀDIFFY - ABS (D¡FFY )

57{0. SSTy. SSTY + ( (ÀD!FFY}rr2)
6750. ?¿0 CONTT NUE
6760, C
6170. C DEFINE THE R-SQUÀRED ÀDJUSTMENT FÀCTOR.
6780. C
6790, C T¡{E PURPOSE OF THE R-SQUARED A¡,JUSII{ENÍ FÀCTOR IS TO
6800. C BÀLÀNCE THE COST OF USING }TORE PÀRAT'ETERS (À HTGHER DEGREE
6810. C POLYNOI,I¡ÀL) ÀGÀINSî THE GÀIN ¡N R-SQUÀRED. SUCH THÀT, ÀS
6820. C ONE USES A HIGHER DEGR¡E ÞOLYNOI.IINÀL ÀS À BEST FTT CURVE,
6830. C THE R-SQUÀRED r{¡LL ÀLSO RrSE.
68{0, c
58 50. RN - N
6860. RI,l . I'l
5870. ÀDJFÀC . (RN - 1.o)/(RN - ( R¡.r + 1,0))
6880. c
6890, C CÀLCULÀTE ÀND WÎTTE OUT TI.IE ÀDJUSTED COEFFICIENT OF
6900. C MULTI PLE DETER}IINÀTION (R-SQUÀRED).
5910, C
6920, R2 ú 1.0 - (ÀDJFÀC r (SSEY/SSÎY) )
6930, ¡F (REr.rrx.E0.0) GO rO 760
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6940. r.¡Rt TE (6,750) MTXNO,DÀY,R2g??9. 7s0 FoRMÀr l' 1"////////////////,62x,'2"/,ex,6960. &'THE ÀDJUSTED coEFFIcTENT oF MULúrpLÉ óerÉRla¡N¡r¡oH (n ),,6970. e' FoR M¡x Nul,tBER ' ,3X, r 2 , ' ,"//,4X,.REMrX ÀT rHe,,¡x,ià,àx,6990. &'DÀy STRENGTH, RELÀTrvE To rHE BEsr rrr Eguerroxí ,//,Ei, '
6990. &'t{HICI{ l{ÀS USED, rS:',3x,F10.?)?000. co To 7807010. 760 r¡Rr lE (6,770) MrxNO,DÀy,R2
79?0-. ??0 FoRMÀr (, 1' , / / / / / / / / / / / / / / / / ,62x,' 2, , / ,sx,7030. &'T¡{E ÀDJUSTED coEFFtcrENT or uu¡.i¡ p¡,É óerÉnurHerrox {n )' ,7040, &' FOR M¡X NUUBER' ,3X,r2,, ,' ,//,4r<, 'ÀT THEi ,3X,r2,3x,20s0. &,DÀy srRENcrH, RELÀT¡vE ¡o r¡rs ¡Elt r¡r eeú¡rioxí,//,1x,?060. &,9tHrcH wÀs usED, Is:, ,3X,F10.7)?070, c7080. 780 coNTTNUE?090. cÀLL PLOT ( 0.0,0,0,9999 )
71 00 . sToP
71 10. END
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G.4 COI.ÍPUTER PROGRÀM NO. 4 [25. 27]

Computer Program No. 4 performs simple plotting. Three sets
of data points are plotted within specified axes and then

for each set, a sèparate smooth curve is drawn from data
point to data point. More details of this program are

included in the program itself.
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CSIMPLOT "Computer Prograñ No. 4"

10. //ñoFÀILC JOB 
",,1=1M,L=5,1=10,C=0,''RANDY 

zÀPOTOTSKY"
20. // ¡TSGLEVEL= ( 1 ,1 )

30. /*ROUTE PRINT SELF
40. /*D800 VPLOî
50, / / Ê><øc FoRTHCLG,USERLIB.'SYS3.VPLOTLIE"SIZE=256K
60, //FoRT. sYsIN DD *
70, c
80. c
90. c

100. c --- CSIHPLoT ---
110. C
120. C --- THIS IS îIIE PROGRÀ}1 FOR SIMPLE PTOTTING -_-
130. C --- CLÀY üORTÀR MIXES ---
14 0. C
150. C
160. C
170. C IN TH¡S PROGRÀM THE FTRST ÎHING THÀT IS REÀD IN IS THE
180. C NSMBER OF PLOTS TO BE DRÀT'N. THE CHÀRÀCTERI ST¡ CS , NÀMELY
190. C THE ORGIN ÀND AXES, ÀRE THEN DEFINED ÀÑD PLOTTED OUT..
2OO. C FOR ÀESTHET¡CS PURPOSES ONLY, À FRÀME IS THEN DRÀI¡N ÀROUND
210, C îHIS SET OF ÀttES,
220, C
230. C FOLLOWING THE ÀBOVE, THE DÀTÀ PO¡NTS ÀRE THEN REÀD IN'
2{0. C PLOTTED OT,'T WII¡{IN THE LIM¡TS OF TI.IE CHÀRåCTERISTICS OF THE
250. C PTOT ÀND II.IEN À SI'IOOTH LINE JOINS EÀCH SEl OF POTNTS.
260. C FOR EÀCH PLOT THREE SEîS OF CURVES ÀRE SEî OUT TO 8E PLOTTED.
270, C
280. C IN THE END, À LEGEND IS INSERTED IN THE ¡NNER' UPPER
290. C RIGHT HÀND CORNER OF THE PLOT. IF NO LEGEND IS DESIRED' THIS
3OO. C PÀRT CÀN BE SKIPPED,
310. C

320. C
330, C
340. C

350. C
360. C
3?0. C
380. C

390. C
400. c
{10. c
{20, c
430. C
{{0, c
450. C
450. C
4? 0. C
480. C
¡¡90. c
500. c
510. C

530. C
540. C

550. C

550, C

570. C
580. C
590. C

600. c
510, C
620. C
630. C

WHEN SUBI'IITTING À .JOB, T¡{E ORDER OF SUBI'IISSION IS:

1)

J)
4)
s)

lì
N}

cs l l.tPLoT
NOPLOT
.'F I RST DÀ1À FILE''
''SECOND DÀTÀ FI T,E ''
''îHI RD DÀTÀ F T LE.'

"N-¿TH DÁTÀ siLE (LÀST ONE).

CSIMPLOT: IS TIIE NÀI.TE OF THIS SIMPT.E PT,OTT¡NG
PROGRAM '

NOPLOT: CONTÀTNS THE F¡RST JCL STATEMENT AND
SPECTFIES THE NT'I.IBER OF PI.OTS TO BE
PLOTTED. lHE FOR¡I OF TH¡S FTLE IS:

1. //co.sYsIN.DD r
2. 'INI,JI'IBER OF PLOTSI'

DÀTÀ FILE: THE FIRST OR ÀNY OTHER DÀTÀ FILE
CONTÀINS SOME BÀSTC INFORI,IÀTION ABOUT
THE PLOT ÀND ¡TS DÀTÀ PO¡NTS' THE
FORM OF À DÀTÀ FILE TSi

1. I'II XNO N N1 N2 N3 DÀY REMI¡T
2, x1 Yl
3. X2 v2rt It:tt
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640, C

6 50. C

660. C

670. C

680. c
590. C
700. C
?10. c
720. C
730. C
140 . C

760, C
770, C
780. C
?90. c
800. c
810. c
820. C
830, c
8{ 0. c
850. C
860. C
870. C

890. c ÀLso, wr{EN SUBM¡TTING À JOB, ONE MUST MÀKE SURE Tt¡Àî lHE
9OO. C JCL ENDING T¡{E DÀTÀ TNFOR}IÀTION MUST BE PI,ÀCED ÀT THE CORRECÎ
910, C POS¡TION. ¡F ONLy ONE PLOT IS TO BE PLOITED, tT GOES ÀT THE
920, C END OF THE FIRST DÀTÀ FILE. IN THE CASE I¡IIERE TI.IO OR MORE
930. C PLOîS I{ILL BE DRÀI.¡N, THE JCL MUST BE PUT ÀT THE END OF T¡{E
9¿0. C LÀST DÀTÀ FTLE.
950. C
950. C DEPENDING ON THE Nul.lBER ÀND TyPE OF PLOTS TO BE DONE, lHE
970. C "DEVELOP A LEGENÞ' PÀRT OF TI{E PROGRÀII MUSÎ BE MODIFIED
980. C ÀCCORDTNGLY, rF USED.
990. C

lOOO, C LIMITÀT¡ONS OF THE DIMEÑSION STÀTEMENTS ÀRE ÀS FOLLOWS:'1010. c
1020, c 1) slRÀN_( _) , STRES_( _)1030, C MÀXIMUI.{ ÀLLOI¡ÀBLE NUMBER OF DÀTÀ POINTS PER CUBE
1040. C REÀD IN IS 102 - 2 - 1A0
1050. c
1060, C
1070. c
1080. Dr!'TENSTON IEUF({000),STRAN1(102},STRES1(102),STRÀN2(102),
1090, &STRES2 ( 102 ) ,STRÀN3 ( 102 ),STRES3 ( 102 )
1 100, INîEGER DÀY,REMIX
1110, C
1120, C REÀD ÀND WR¡TE OUT THE NI'I.IBER OF PLOîS TO BE DRÀWN
1r30. c
1140. REÀD (5,r) NOPLOT
1150. WRIlE (6,5) NOPLOî
1160. 5 FoRI,rÀr ('1' , / / / / / / / / ,4x, r rHE Nr,r¡rBER OF pLors rHÀr ',1170. É'ÀRE TO BE DRÀWN ¡S"3X,¡3)
1180. DO 100 NP=1,NOPLOT
1190. CÀLL PLOrS (¡BUF,4000)
1200, C
1210, C DEF¡NE SOME CHÀRÀCTERI STI CS OF T¡{E PLOT.
1220, C
123A. CÀLL PLOT ( 0.0,-1 I .0, -3 )
1240, CÀLL PLOÎ (0.0,2.0625,-3)
1250. CÀLL FÀCTOR (1.0)
1260, CÀLL ÀxrS ( 0 . 0 , 0 . 0 , ' STRÀ¡ N - Z , , - 1 0 , { . 0 , 0 . 0 , 0 , 0 , 1 6 . 0 )

N. X(N-1) Y(N-1)

WHERE: MIXNO = THE MIX NTJ},IBER
N = THE îOTÀL NUUBER OF

DÀTÀ POINTS F'OR THE
MÌ X.

N1 = THS TOÎÀL NUMBER OF
DATÀ POINTS FOR CUBE
NUI'IBER 1.

N2 . TltE ÎOîÀL NUMBER OF
DÀTÀ POINTS FOR CUBE
NIJMBER 2 .

N3 = f'HE TOîÀL NUXBER OF
DÀTÀ POINTS FOR CUBE
NI'M8ER 3.

DÀY - TIIE ÀGE (IN DÀYS) OF
THE I'IIX ÀT î¡{E TIHE
OF ÎESTING.

REI'IIX = '0' 9ll{EN lHE ll¡:t }tÀS
NOT REMI XED.. 1 " Î{l.tEN THE },tIX WÀS
REMI XED.

X&YiS = THE DATÀ POINTS.
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127A, CÀLL ÀxrS ( 0. 0 ,0 , 0 , , STRESS - pS¡"12,?.0,90.0,0,0,160.0)
1280. C
1290, C ------ DRÀW À RECTÀNGULÀR FRÀME ÀROUND THE PLOT --_---1300. c
13f0. cÀLL NEWPEN (4)
1320. CÀLL RECT ( - 0 . 7 5 , - 1 , 2 5 , 9 . 0 , 5 . 5 , 0 . 0 , 3 )1330, CÀLL NEI{PEN ( 1 )
1340, C
1350. C ------ REÀD ÀND IIRTîE OUT SOME BÀSIC INFORMÀTION ------
1360. C
1370. REÀD (5,T) MIxNo,N,Nl ,N2,N3,DAy,REMIx
1 380. wRrTE (6,6) U¡XNO,DÀY
1390. 6 FORl.rÀT ('1',////////,tx,'TH¡S rs THE Srr4pLE pr,OT ,,
1¿00. &'¡PROGRÀM FoR MIx NUUBER, , ¡ 5 ,3X, ' ÀT Tt{E',3x,r2,3X,1410. &'DÀY STRENGTH')
1420. wRtTE (6,7) HTXNO,N
1430. 7 FORt-tÀr (////////,4x,
1{40. &'TI.IÞ TOTÀL NUI'IBER OF DÀTÀ POINTS REÀD IN FOR HIX NU!¡8ER',1450, &I6,{X,'rS' ,I7)1{60. r{R¡ TE (6,8) N1,N2,N3
1470. 8 FoRr4Àr (////////,4x,
1480. &rTHE NUMBER OF DÀÎÀ POINTS REÀD ¡N FOR CUBE NTMBER 1 ='.1490. e1t,Í3,//,42x, 'cuBE NUHBER 2 .',1t,13,//,42X,
1500. &TCUBE NUIiBER 3 =',lX,t3)1510. rF (REMrX.EQ.l ) OO TO 1O
1520. f{Rr TE {6,9)
1530. 9 FORI,IÀT I////////,4X,'!HE FOLLOI.¡ING DÀTÀ IS FOR THE MIX 

"1540. åIWHEN ITS COMPONENTS WERE COI,IEINED FOR THE FIRSÎ T¡HEI )1550. cO TO 12
1560. 10 ¡¡RITE (6,11)
1570. 11 FORMAT (////////,4,1,,,ÌI{E FoLLowING DÀTÀ Is FoR WHEN THE ',.1580, &'HÀRDENED ORIGINÀL HIXTURE WÀS CRUSHED ÀND REMI:IED')

1600. C REÀD ÀND I{R¡TE OUT TI{E DÀTÀ POINTS FOR Ît{E M¡X.
1610. C
1620, 12 REÀD (5,i) (STRAN1 (r),STRES1(r),r.1,N1 )1630. REÀD(5,r) (STRÀN2(J),STRESz(J),J.1,N2)
1540, REÀD(5,*) (STRÀN3(K),STRES3(K),¡-1,N3)
1650. WRrTE (6,13) MTXNO,DÀY
1650. 13 FORMÀT (' 1' , / / / / / / / / ,32x, ' DÀrÀ porNrs,,//,30x,
1670, &'Mrx NIJMBER |' 15 , / / ,29t ,12,3X, 'DÀy STRENGTH')1680, WRrTE(6.14)
1690. 14 FORMÀÎ(//,4X,'DÀTÀ NT HBER' , I OX, ' X-VALUES (STRÀ¡N-X) 

"10X,1?00. &'y-vÀLUES(SIRESS-PSr)|'/)
1710. wRrrE (6,15)
1720. 15 FORl'lÀT (/,4X,'CUBE NTTMBER 1"/)
1730. WR¡18 (6,18) (r,STR¡N1(I),STRES1(r),r.1,N1)
'17¿0, wRrrE (6,16)
'1750, 16 FORMÀT (//)4t,tCVBÊ, Nt r.rBER 2,,/)'1760, f.¡RrTE (6,18) (J,STRÀN2(J),STRES2(J),J.1,N2)
1710, HIrTE (5,1?)
'1780, 17 FORMÀT (//,4X,,tCUBE NT MBER 3',/)
1790, wRIrE (6,18) (K,srRÀN3(K),STRES3(K),x.'1,N3)
f800. 18 FORJ.{ÀT (, 

"7X,r3,17X,F10.3,',19X,F10.',1 
)

1810. c
1820. C PLOT OUT THE DÀTÀ POINTS AND JOIN THE PO¡NTS Í{ITH À
1830. C SMOOTH LINE.
1840. C
1850, STRÀN1 (N1+1). 0.0
1860, STRES1 (N1+1)- 0.0'1870. sîRåN1 (N',1+2)= 16.0
1880. slRESl (N 1+2 ). 160.0
1890. c
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1900 .
1910.
1924,
i930,
1940, C

1960.

1980.
1990. C
2000,
2010.
2020.

STRÀN2 (N2+1)= 0.0
STRES2 {N2+1)= 0.0
STRÀN2 (N2+2)= 16.0
slRES2 (N2+2)= 160,0

slRÀN3 (N3+1)= 0.0
SÍRES3 (N3+1)= 0.0
slRÀN3 (N3+2)= 16.0
STRES3 (N3+2)= 160.0

cÀLL FLINE (SÎR.AN1,STRESl,-N1, 1,1,0)
cÀLt FLINE (SîRAN2,STRES2,-N2, 1,1,2)
cÀLL FLINE (STRAN3,SIRES3,-N3, 1,1,3)

30,
40.
50.
60,
?0.

c
C .----- DEVELOP À LEGEND ------
c
C PUl MÀJOR ÀND MINOR TNFORI.IÀTION ¡NTO THE LEGEND.

IF (NP,NE.f) GO 10 21
cÀLL SYMBOL ( 2 . 7 { , 6 . 8 6 , 0 . 1 4 , ' Mr X NO. ?"0.0,9)
cÀLL SYMBOL (2.81,6.58,0.14,'{5X SÀND" 0,0, é )
cÀLL SYMBOL ( 2, 8{5,5, 37,0. 07,'ONE uNtT CLÀy"0,0, 1 3)
cÀLL SYMEOL ( 3.055,6.23 ,0.07 ,' 1 ,752 F¡BRES, ,0,0,i2)
cÀLL SIMEOL ( 3 . 0 5 5 , 6 . 0 9 , 0 . 0 7 ,' 4,5X LIME',0:0,1Ö)
cÀLL SYMBOL (3.055,5.95,0.07,' 141% H.C.' ;0.0,10)cÀLt syMBoL ( 2 . 8 { 5 , 5 . 7 { , 0 . 0 7 , ' 2 8 -DÀy STRENGTT{ i ,0,0,15 )
CÀLL SYMEOL ( 3 . 1 6 , 5 , 5 3 , 0 . 0 7 , ' . CUBE t',0.0,8)
cÀLL SyMBOL (3. 16,5. 39,0.0?,'. cuBE 2, ;0.0;8)
CÀr.L SYMBoL ( 3 . 1 6 , 5 , 2 5 , 0 , 0 7 , ' = CUBE 3',0.0,8)
GO TO 97

21 rF (NP.NE.2) cO.rO 22
CÀLL SYÌ.íEOL ( 2, ?{, 6. 85, 0, 1 {,' HIx No. 8', 0. 0, 9 )
CÀLL Sy¡rlBOL ( 2.81 ,6.58,0.1{, ' 50U SÀND',0.0,8)
CALL SYMBOL (2,845,6. 37,0. 07,,oNE tN¡T CLÀy"O.O, 1 3)
cÀLL SYMBOL (3.055,6.23 ,0.07 ,. 1 ,15'( Fr8RES,,0,0,i2)
cÀLL SYMBOL (3,055,5.09,0,07, ' {.5U LrME' .0,0,',10)
cÀLL SYMBOL (3.055,s.9s,0.07,' 1362 M.C. 

"0.0;10)cÀLL SYMEOL ( 2.845,5,74,0,0?, '28-DAy SîRENGTH '' 0.0 , 1 5 )
CÀr.L SYI.IBOL ( 3 , 1 6 , 5 , 5 3 , 0 , 0 ? , ' . CUBE 1',0.0,8)
CÀLL SYI'IBOL ( 3 , 1 6 , 5 . 3 9 , 0 . 0 ? , ' . CUBE 2',0,0,8)
CÀLL SYMBOL ( 3 , 1 6 , 5 . 2 5 , 0 . 0 7 r ' . CUBE 3',0,0,8)
GO TO 97

22 ¡F (NP.NE.3) cO TO 23
cÀLL SYMBOL (2.6?,6.86,0.14,'Mrx No. 10',0.0,10)
cÀLL SYMEOL (2.50,6.58,0.1{, ' 2.5X FTBRESi ,0.0,11)
cÀLL SYMBOL 12.92,6,37,0.01,'ONE rrNrT Cf,Ay"0.0,13)
cÀLL SYHBOL ( 3. 13,6.23,0.07, , 33,3X SÀND"0.0,10)
cÀLL SyMBOL (3, 20,6.09,0. 07,' {, 5g LIME|'0.0,9)
cÀLL SyMSOL ( 3,20,5.95,0.07, ' 1382 !,r.C."0,0,9)
cÀLL Syr.{BOL ( 2.845,5,74,0.0?, ' 28-DÀy STRENGTT.I' ,0.0 , 15 }
CÀLL SYI'IBOL (3. 16,5.53,0.0?,'. CUBE 1',0,0,8)
CÀLL SYMBOL ( 3, 1 6, 5, 39, 0. 0?,'. CUBE 2',0, 0,8 )
CÀLL SYIIBOL ( 3, 1 6' 5. 25' 0, 0?,'. CUBE 3',0. 0,8 )
GO TO 97

080.
90.

100.
0,

20,
30.
0.

60,
70,
0,

200.
2210 ,
2220 ,
2230.
2240.
2250,
2260,
2270 .
2280 ,
2290 ,
2300,
23'10.
2320,
2330.
23{0.
2350.
2360.
2370 .
2380.
2390 ,
2{00.
2410.
2a20 ,
2430 .
2440.
2{50, 23 rF (NP,NE,{) GO TO 2¡l
2460,
2410 .
2480.
2490,
2500.
2510.
2520 .

cÀLL Syr,rBoL ( 2 , 6? , 6 . 8 6 , 0 , 1 4 , ' rx No. 11,,0.0,10)
cÀLL SYMBOL (2, 60 ,6. 58 ,0. 1 { , ' s,0Z F¡BRES|'0.0,11)
cÀLL SYMBOL (2.92 ,6.37 ,0.0?, ' ONE UNrT CLÀy' ,0.0,13 )
cÀLL SYMBOL ( 3 . 1 3 , 6 , 2 3 , 0 . 0 ? , , 3 3 . 3U SÀND' ,0.0,10)
CÀLL SYIiIBOL ( 3. 20 ,5,0 9,0.0 7 , ' 4. 5X LII'iE',0.0,9)
cÀLL Syr.rBoL ( 3.20,5.95,0.07,' 1{8X M.C, ,'0.0,9)
cÀLL SYHBOL ( 2,8{5,5.7¿,0,0?, ' 28-DÀy STRENGTH' ,0. 0, 1 5 )
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2530. CÀLL SYI'IBOL ( 3 . 1 6 , 5 . 5 3 , 0 . 0 ? , 
, = cuEE 1"0.0,8)

2540, CÀLL SyMBOL ( 3 , 1 6 , 5 . 3I , O . O ? , ' = CUBE 2';O.O;B)
2550, CÀLL SYMBOL ( 3 . 1 6 , 5 . 2 5 , 0 . 0 7 , ' = CUBE 3',0.0,9)
2550. GO TO 97
2570. 24 IF (NP.NE.5) cO TO 97
2580. CÀLL SYT.TBOL ( 2 , 7 4 , 6 . 8 6 , 0 , 1 4 , , Mr x NO. 7"0.0,9)
2590, CÀLL SYMBOL (2,81,6.58,0.14,'{5U SÀND"0.0,8)
2600. cÀLL SY¡IBOL (2,845,6,37,0,0?,'ONE UNrT CLÀy"0,0,13)
2610. CÀLL SYITBOL ( 3 . 0 5 5 , 6 , 2 3 , 0 , 0 7 , ' 1 .7 5% FIBRES' ,0.0,12 )
2620. CÀLLSyr,rBOL (3.055,5,09,0.07,' 4.5%LrME"0.0,10)
2630. CÀLt SYMBOL (3.055,5.95,0,01 ,' 141 M.C. 

"0.0,10)2640. CÀLL Sy}rBOL (2.845,5,7{,0,07,'28-DÀy STRENGTT{ ' , 0 . 0 , 1 5 )
2650, CÀLL SyMBoL (3.15,5.53,0,07,'. CUBE 1',0.0,8)
2660. CÀLL SYMBOL ( 3 . 1 6 , 5 , 3 9 , 0 , 0 7 , ' = CUBE 2',0,0,8)
2670, cÀLL SYMEOL ( 3 . 1 6 , 5 . 2 5 , 0 . 0 7 , ' = CUBE 3',0.0,8)
2680. c
2690, ^ THE FOLLOI{ING RECORIS Î{ILL PLÀCÞ THE SYMBOLS USED FOR
2700, . PLOTTING T¡{E DÀTÀ POtNlS ¡NTO THE LEGEND, ONE SYMBOL f{¡LL EE
2710, C USED FOR EÀCH DIFFERENT CUBE.
2720, c
2730, 97 rF (REr'lrx,EQ.1) co To 98
2740, CALL SYMBOL ( 3.055,5.565,0.07 ,0,0,0, - 1 )
2750. CÀLL SYMBOL ( 3.055,5. ¿ 1 3 3 3 , 0 . 0 ? , 2 . 0 . 0 , -1)2760. cÀLL SyMBOL ( 3.055,5.285,0.07 ,3 ,0.0 , - 1 )2770. cO TO 99
2780, 98 CÀLL SYMBOL (3.055,5.285,0.07,0,0.0,-1)
2790, CÀLL SY!,{BOL ( 3 . 0 5 5 , 5 . 1 3 3 3 3 , 0 . 0 7 , 2 , 0 . 0 , -1)
2800. cÀLLSYMBOL(3.055,5,005,0.0?,3,0.0,-'1)
2810, C
2A20, 99 CÀLr. PLOT (12.0,0.0,999)
2830, 100 CONTTNUE
2840. CÀLL PLOT (0,0,0,0,9999)
2850. STOP
2860, END
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G.5 COMPUTER PROcRÀl.a NO. 5 [25. 27]

Using the best-fit curves plotted out in Computer program 3,

Computer Progran No, 5 can take various combinations of

these curves and plot them together on one plot. Às set up,

the maxirnum number of curves that this program can put

together on one plot is six. If more than one combination

plot is to be plotted upon the submission of this program,

the number of curves for each plot must be the same along

r¡ith the nature of the defined best-fit equation for each of
the curves. More details of this program are included in
the program itself,
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)9. /,/,L!\lgL,!\ JoB',,,r=1n,L=s,r=10,c=o','RÀNDY zÀpororsKy 
" 

clÀss =F ,20, // HSGLEVEL= ( 1 ,1 )
30. /*ROUTE PRINT SELF
40. /*D800 VPLOT
50. /./. EXÐC FORTHCLG, USERLT Bc i SyS3. vpLoTL¡ B 

" 
Sr ZE.256K

60. //FoRT.sYsrN DD *

150. C Wl{ÀT THIS PROGRÀI,{ BÀSICÀÍ¡LY DOES IS THÀT IT DRÀI.IS FROI.| ONE
160. C UP TO STX CURVES ON ONE SET OF ÀXES. ONE SUCH PLOT IS CÀLLED À1?0. C COHBINÀT¡ON PLOT, THE NWBER OF COMBINÀTTON PLOT(S) TO BE DRÀHN
180. C IS DEPENDÀNÎ UPON THE VÀLUE OF NOCOMB, OF 9¡HICH IS REÀD IN.

2OO. C THE ORDER OF FILE SUBMISSTON IS: cLÀYcoMB
210. C NOCOMB
220, C COMBDÀTÀ - ''COMB¡NÀTION DÀTÀ"
2 30. c

Í.IHERE: CLÀYCOIIB . THE NÀME OF THIS PROGRÀM

NOCOMB - HÀS TI.IE FORM ÀS FOLLOI.IS :
1.//Go.sYsIN DD *
2. ''NUMAER OF COMEINÀTION PLOT(S) THAî ÀRE

10 BE DRÀI.¡N - NOCOMB "3. 'NIJUBER OF CURVES TO BE DRÀWN ON EÀCH
COMBINÀîION PLOT - NOCURV"

?0, c
80, c
90. c

100, C
110. C
120, C
130, C
140. C

240,
250.
260.
270,
280,
290.
300, c
310. C
320. C

330. c
340. C
350. C
360. C
370. C
380. c
390. C
400. c
410. C

COMBDÀTÀ - HÀS THE FORIiI ÀS FOLLOI{S:

1 . MI X"r¡O, H, DÀy, REMr X, XSTÀRT, HÀX1 0, XLÀST, yMÀX, DÀSH2, c1
3. C24. I

l.l+ 1 . CM

420. C
¿30. C M¡XNO . THE Mrra NTMBER
44 0. C
¿50. c

520. C
530. C
5¿0. c

M . lHE NUI.IBER OF CONSTÀNî(S) USED FOR THE EEST F¡T EOUÀTION
DAY . T}IE ÀGE OF THE M¡X, IN DÀYS

¿60. C REM¡X . 'O'' IF THE }'I¡,I T¡ÀS MI,IED TOGETHER FOR îHE F]RST ltME{?0. C THE HÀRDENED OR¡GINÀL T.IIX WÀS CRUSHED ÀND REMTXED
480, C XSTÀRT . THE EXPER¡MENTÀL CORRECTION FÀCÎOR 10 THE x-vÀLUES;
¿90. C XSTÀRî IS POS¡TIVE IF I,IOVI NG THE X-VALUES 10 ÎI{E LËFT
5OO. C MÀXIO . (SEE DESCRIPTION BELOI.I)
510. C XLÀST . THE MAXI l.llJtl A-VÀLUE OBTÀINED DURTNG THE BEST FtT PLOTTING

YXÀ]X . Y-VÀLUE
DÀSH . (SEE DESCRTPTION BELOW)

c_ . lHE CONSTÀNT(S) OF T¡{E BEST FIT EQUÀîION
550, C
560, C I1 SHOULD BE NOTED HERE THAT LTNES 1 TO t.I+1 ÀRE TO BE REPEÀTED
570 , C THE SÀ¡iIE NUI.IBER OF T¡MES (UP TO À MÀXI ¡.IIJIiI OF SIX ) ÀS THE NTJI.IBER OF
580. C CURVES îHÀT ÀRE TO BE PLOTTED ON EÀCH COMEINÀT¡ON PLOT,
590. C

600. c ÀLso, THE NUMBER ÀND THE coRREspoNDrNc coNsTÀNT(s) MUST lttÀTcr{
6.f O. C THOSE DEFINED FOR EÀCH CT'RVE DRÀI{N ON ÀNY COMB¡NÀTION PLOT.
520, C IF MORE fl{ÀN ONE COUBINÀTrON PLOT rS TO BE DRÀïl.l, THEY MUST ÀLL 8E
630, C SII.IILÀR IN NÀTURE DI,E TO THE DEFINED BEST FIl EQUÀTION(S) FoR
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540. C EÀCH OF TIIE CURVE(S),
650, C

660. C TO SÀÎISFY STÀTEMENî RULE OF ONLY USING INTEGERS
6?0. C GREÀTER THÀN ZERO AND TO OBTÀIN ÀN INCREMENÎ OF 0.1% STRÀ¡N
680. C (X-VÀLUES) WHEN PLOTTING lHE BEST FIT CURVE, MÀX1O IS
690. C DEFINED ÀS FOLLOWS:
?00. c
710, C MÀx10 = (MÀx STRÀrN(U) - xsTÀRT + 0.1) * 10
120. C
730. C FROM THIS MODIFTCÀTION TO rHE MÀXt I'tUü STRÀIN VÀLUE, ONLY
740. C II.IE INÎEGER PÀRî OF THE NTJMBER IS PUT INTO THE DÀTÀ FILE,
?50. C IN ORDER TO SÀTISY Î¡IE ¡NTEGER RULE OF À DO LOOP.
?60. C WHEN PLOTTING IT WILL BECOME CLOSE ENOUGII TO THA MÀXI MUU
770. C STRAIN VÀLUE OBTÀINED IN À I'IIX, THE LÀST DÀTÀ POINT PLOTTED
780. C DURING THE BEST FIT PLOTTING W¡LL ÊE OBTÀINED IIITH THE USE
790, C OF XLÀST,
800, c
810. C FROM TI{E PROGRÀI'I îHIS MODIFICÀîION COMES FROU:
820. C
830.c x-(I)=((R_/10.0)-0.1)
840. C
850. C Tl{E "-0.1" tS NEEDED SO THÀÎ X IS EQUÀL TO ZERO FOR THE
860. C FIRST VÀLUE. THIS I.¡ILL I,ITC,KE THE 8ES1 FlT CURVE PÀSS THROUGH
8?0. C THE ORIGIN.
880. C
890. C MÀX1O MUSî 8E DEF¡NED FOR EÀCH IÑDEPENDÀNT MIX.
9OO. C ÀGÀIN, IT MUST BE PUl INIO À DÀTÀ FTLE ÀS ÀN
910. C INTEGER, NOT À REÀL NTJMBER, 10 SÀTTSFY THE INTEGER
920. C RULE OF À DO LOOP.

940. C À CHECK WILL BE DONE NEÀR II.IE DEFINED FUNCTION SO ÀS TO
950, C PREVENî lHE BESî F]T CURVE HÀVING À NEGÀTTVE SLOPE ÀND À
960. C Y VALUE GREÀTER TI{ÀN TIJÀT OBTÀINED DURING THE BEST FIT PLOlltNG.
970. C THIS IS DONE WITH THE USE OF YMÀX ÀS DEFINED ÀBOVE,
980. C À NEGÀTIVE SLOPE ]S UNFÀVORÀBLE SINCE IT DOES NOT REPRESENT
990. C Ill{ÀT I{ÀPPENED TN THE ÀCTUÀL TESTS.

1000, c
1010, C tF THE MlX DID NOT HÀVE PEÀK LOÀDS FOR AI,L OF THE CUAES,
1020. C À SîRÀIGHT DÀSHED L¡NE I{ILL 8E DRÀWN HORT ZONîÀLLY FROM TI{E
1030. C END OF lHE BESî Ftl CURVE TO THE PAR RIGHT OF THE PLOT. THIS
1040. C DÀSHED LINE I.IILL REPRESENT TI{À1 LOÀDING }'ÀS CONTTNUED ÀFîER
1050. c ÎHIS CUT-OFF POINT, BUl NO PEÀK LOÀD OCCURRED. IT SHOULD BE
1060. C NOTED T¡{OUGI{ TI.IÀT lHE PÀfH OF THIS DÀSHED LINE DOES NOT

70. C NECESSÀRILY REPRESENT TI{E ÀCTUÀL PÀT¡I TÀKEN DURTNG THE TEST OR
O8O. C OF THE BESÎ FIT CURVE.
)90, C 1¡{IS DÀSI.IED LINE Í.¡ILL NOT BE DRÀWN WHEN THE VÀLUE OF
100. C .DÀSH" rS EQUÀL TO "0. (ZERO). r{HEN "DÀSH,' rS EQUÀL TO

(oNE), À DÀSHED LINE r.¡¡LL BE DRÀ!.IN,
20. c
30. C À LEGEND MÀY BE INSERîED À1 THE END OF EÀCH COMBINÀÎION
{0, C PLOT(S) 8Y INSERTING îI{E PROPER 'CÀLL SYHEOL" SîÀTEMENTS Àî lHE
50. C END OF THE OUTER DO LOOP.
60, c
70. C ÀT THE END OF î¡{E DÀTÀ FILE(S), îHE PROPER JCL MUST BE
80. C DEFINED IN ORDER FOR THE PROGRÀM TO RUN,
90. c
OO, C DUE TO THE LIMITS ON fHE DII'IENS¡ON STÀTEMENTS TIIE
'10. C FOLLOg'¡NG LIMTTS ÀRE DEFINED:
20, c
30. c
40. C
50. c

1) C(_)
MÀXI MTN'I ÀLLOHÀBLE NI'M8ER OF CONSTÀNT(S)
PER PLOTÎED CURVE IS 10

260. c
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1270. c 2t X_(_) ,Y_(_)
f 280. C I.IÀXI MUI,{ ÀLLOÍ.¡ÀBLE NIjMBER OF PLOTîING DÀTÀ POINTS1290. c PER CURVE ¡s 502 - 2 = 500
'1 300. C

1310, C
1 320. C
1330. DTMENSION rBUF(4000),
1?19. &c( 10 ),x1(5921,!1( s02 ),x2( s02),y2 ( so2),x3 ( so2 ),y3 (so2 ),13s0. &x4(502),y4(502),x5(502),ys(s02),x6(s02),y6(so2)
1350. INTEGER DÀY,REM]X
1370. C
1380. C REÀD ÀND f.¡RI TE OUl THE NUI,IBER OF COMBINÀî¡ON PLOT(S) ÀND lHE
1390. C NI,JI.IBER OF CURVE(S) PER PLOT THÀÎ ÀRE TO BE DRÀWN
1400. C
14 10. REÀD (5,r) NOCOMB,NOCURV
1420 , Î.¡RlTE (6,50) NOCOMB
1430, 50 FORMÀT ('t"////,¿X, 'îHE NT.JMBER OF COr,lBrNÀTlON PLOT(S) 

"1440. &'THÀT ÀRE TO BE DRÀ9|N IS"3X,I3)
1450, r.rRr TE (6,60) NOCURV
1460. 60 FORMÀ1 l////,4x,'1HÈ, NIJ}{BER OF CURVE(S) TO BE DRÀWN ON ,,1470. e'EÀCH PLOî tS"3X,I3)
1480. C
1490. DO 610 NC=1 ,NOCOMB1500. CÀLL PLOTS ( rBUF,4000 )
1510, C
1520. C DEFINE 50I,16 CHÀRÀCIERISTTCS OF THE PLOT
1 530. C
1 540. CÀLL PLOT (0,0,-11,0,-3)
1550, CALL PLOT (0.0,2.0525, -3 )1560. cÀLL FÀC10R (1.0)
1570, CÀLL AXrS (0.0,0,0,'STRÀIN - % 

, 
, - 1 0 , 4 . 0 , 0 . 0 , 0 . 0 , 5 . 0 )1580. CÀLL ÀXtS ( 0. 0 ,0.0 , ' SÎRESS - psr"12,?.0,90:0,0:0,160,0)

1590. C
1600. C DRÀW À RECTÀNGULÀR FRÀME ÀROIJND THE PLOT
1610. C
1620, CÀLL NE!íPEN (4)
1630. CÀLL RECT ( - 0 . 7 5 , - 1 . 2 5 , 9 , 0 , 5 , 5 , 0 , 0 , 3 )1640. CÀLL NEWPEN (1)
1650. C
1660, DO 590 NcURv.l ,NOCURV
1570. C
1680. C REÀD ÀND WRITE OUT SOME BÀSIC INFORT.IÀTION ÀBOUÎ THE I.ITX
1690. C
1700. READ (5,r) XTXNO,H,DÀy,REH¡X,XSTART,MAX10,X!ÀST,yMÀX,DÀSH
1710. C
1720, r{R¡ TE (5,70} MTXNO,DÀy
1730, 70 FoRMÀr l't"//////,tx,
1740. &'THrS rS THE CLÀYCOMB pROcRÀM rNFORlrÀTrON FOR I,trX NIMEER',3X,1750. e¡3,3X, 'ÀT 1¡{E' ,3X,t2,3X,'DÀy STRENGTH' )1760. rRITE (5,80) r,tr xl¡o, r.t
1710. 80 FOR¡{ÀT (//////,tX,'r¿ø Nrr}tBER OF CONSTANT(S)-M REÀD IN FOR 

"1780. &,t{rx Nul.tEER',3x,I3,3X,'tS"3x,¡3,3x)
1?90. rF (REfiIX.EQ.1) cO TO 100
1800. r{Rr rE ( 6,90 )1810, 90 FORì.rAr l//////,4X,"1HE' FOLLOT{rNG DÀTÀ rS FOR THE Hr,t{ ',1820. &'WHEN ¡TS CO}IPONENTS I{ERE COMAINED FOR THE F¡RST T¡ME' )1830, GO rO 120
18{0. 100 tfRrTE (6,110)
1850. 110 FOR¡.{ÀT ( / / / / / / ,4X,,'TH¿ FOLLOT{rNG DÀTÀ ¡S FOR wHEN THE ',1860. &'HÀRDENED oR¡GINÀL MI XTIjRE wAs CRUSHED ÀND RÐ'TIXED.)
1870. 120 9tRrTE (6,130) xSlÀRT
1880, 130 FoRl,tÀr (//////,Ar1, 'THE VÀLtE OF XSîÀRT REÀD rN rS',
1890. &2x,F6.3)
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1900. r.rRr TE (6,140) MIXNO,MÀXl0
1910, 140 FORMÀT (//////,4x,
1920. &'THE VÀLUE OF MAX10 TIIÀT WÀS REÀD IN FOR MIX NLüBER"I5,
1930, &3X,irS"3X,I4)
1940. e¡RIrE {5,150) XLÀST
1950. 150 FORr,fÀT l/ / / / / / ,4X, i THE Hrcr{ESî STRÀIN Tt{ÀÎ wÀS REÀCHED 

"1960. &'DURTNG THE BESî Frr PLOTTTNG r S ' , 3X , F 7 . 3 , 3X , , U' )
19?0. wR¡18 (6,160) YMÀX
1980. ',160 FORr'rÀT (//////,4X, 'Î¡rE HrcHESl STRESS THÀÎ r¡ÀS REÀCI{ED 

"1990, &'|DUR¡NG THE BESÎ Frr PLOTTTNG rS"3X,F6.1,3X,'psr')
2000. rF (DÀsH,EQ.o) GO TO 180
2010. r,¡R¡TE (6,170)
2020, 170 FORÌ'íÀT (//////,AX,'DURTNG THE IESTrNG,,,
2030. &' THIS MIX D¡D NOT HÀVE PEÀK LOÀDS FOR ÀLL OF THE SPECI}TENS.')
2040. co ro 200
2050. 180 wRrlE (6,190)
2060. 190 FOR.r'rÀT l//////,4X, '|DURrNc rr{E TESTTNG,',
2070, &' T¡{IS MIX HAD PEÀK LOÀDS FOR ÀLL OF THE SPECII,IENS.')
2080. c
2090, c REÀD ÀND WrflE OUl T¡{E CONSîÀNîS (C-VÀLUES)
2100. c
2110. 200 REÀD (S,*¡ 1a,t ),I=1,M)
2120. C
2130. WRrTE (6,210) MrX]¡O,DAY
2140. 210 FoRr.4r \ ' 1 ' , / / / / / / / / , 1 f x , , C VÀLUES',//,9x,'tíÍX NUÌ'|BER,,
2150, s1X,t2,//,8X,r2,1X,'DÀy STRENGIT{')
2160. rF (REr'r¡X.EQ.0) GO rO 230
2170, WRrrE ( 6,220 )
2'1 80. 220 FORMÀT ( / , 1 3X, 'REr,rr X', )
2190, 230 f.mrTE (6,2{0)
2200, 240 FORr.rÀî l//,4X,'C( ) ' , 1 5X, 'VÀLUE ' , / )
2210. WRrrE (6,250) (r,C(r ),¡"1,M)
2220. 250 FORMÀT(' 0"4X,,f2,12t,F12.7)
2230, C
2240, C CÀLCUIATE THE BEST FIT CURVE PLOTTING POINTS - CURVE NO, 1

2250. C
2260. rF (NCURV.NE.1) GO TO 340
2270, NSUM1 = 0
2280, DO 250 I.1,HÀx10
2290, RI =I2300. x1 (r). ((RI/10.0) - 0.1)
2310, rF (X1(¡).GE.XLÀST) cO TO 270
2320, xTEl'lP = X'1 (¡) + XSTART
2330, y1 (¡). (c(1)) + (c(2)*XTEMP) + (c(3)r(xTEHPrr2)) +
2340, 6,(C({)r(xTEl'lPrr3))
2350, rF (vl(r).GÎ.rr.ßr) GO 10 270
2360, NStJl.l'I . Nsljl.l l + 'l

2370, 260 CONTTNUE
2380. 270 X1(NSUr,f1 + 1) . XLAST
2390. xLTEl.lP . x!ÀST + XSTÀRT
2400. y1 (Nstr.r1 + 1) . (C(1)) + (C(2)*Xr,lEXp) + (C(3)r(XLTÊUprr2)) +
2{10, 5¡(C(4)r(Xr,TEHPrr3) )
2420. NStJl.ll . NSLrlll + 1

2¿30. C
2140. C L¡ST THE BEST FIT CIIRVE PLOTîING VÀLUES - CURVE NO, 1

2450. C
2460, HrrrE ( 6,280 ) MTXNO,DÀY
2470, 280 FORr'nr (' 1t,////////,2rx.,
2{80. å'BEST FIT CURVE PLOTTING VÀLUES',//,31X,'M¡X NUIIBER',I5,
2490. e/ / ,29a,t2,3t,' DÀr STRENGTH',)
2500. rF (REHIX.EQ.o) GO m 300
2510. Ì{RrTE (6,290)
2520, 290 FORr.rÀr (/,35X,'REl,l¡x')
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2530, 300 f.¡Rr rE (6,310)
2540. 31 0 FOR¡,íÀT (//,4X,' pLOTTtNG NtJl'lBER" 1 0X, i x-vÀLUES (SrRÀ¡N-X) 

"2550, &10X, 'y-vÀLUES (STRESS-PSI ),,/)
2560, WRrrE (6,320) (r,X1(r),y1(r),r=1,NSUM1)
2510. 320 FORMÀT (' 

"9X,r3,21X,F8,3,22X,F7.',! 
)

2590. C PLOT OUT THE BEST Flî CURVE - CURVE NO, 1

2600, c
2610. X1(NStr'{1+1)= 0.0
2620. v1(NSUM1+1 )= 0.0
2630. x1(NSUI'II+2)= 5.0
2640. Y1(NSUM1+2). 160.0
2650, C
2660. CALL NEWPEN ( 8 )
2670. cÀLL FLINE (X1 ,y1,-NSLM1 ,1,0,0)268A. rF (DÀSH.EQ.0) GO TO 330
2690. xDÀsH = (x] (NsuM1)/5.0) + 0.12
2100, YDÀSH _ yl(NSUM1 )/160.0
2110, XEND = 4.0 - tlDÀSH
2120. CÀLL PLOI (XDÀSH, YÞÀSH, -3 )
27 30, CÀLL DÀSHP (XEND,0.0,0.12)
2140. CÀLL PLOT (-XDÀSH,-YDÀSH,-3)
215A. 330 CÀLL PLOî (0.0,0.0,3)
27 6A . CÀLL NEWPEN ( 1 )
21?A. GO TO 590
2 780. C
2190, C CÀLCULÀTE TIIE EEST FIl CURVE PLOîÎTNG POINTS - CURVE NO, 2
2800. c
2810. 340 rF (NCURV.NE.2) GO TO 390
2820. NSUMz . 0
2830, Do 350 J=r,MÀx10
2840. RJ=,t
2850, x2(J) . ((RJ/10.0) - 0,1)
2860. rF ( X2 (J ) . GE. XLÀST ) cO TO 360
2870. XTEMP . X2(.t) + xSlÀRT
2880, Y2(J). (c(1)) * (c(2)rxrEMP) + ( c ( 3 ) * ( xrEMP* * 2 ) ) +
2890, &(C(4)r(XTEMP**3) )

2900, rF (Y2(J),cÎ.vMÀX) cO 10 360
2910. NSIM2 = NSUU2 + f
2920, 350 CONTTNUE
2930, 360 X2(NSLH2 + 1) . ¡(LÀS1
2940, XLTEI'IP . X!ÀST + XSTÀRT
2950. y2 (NSUI'í2 + 1) = (C(1)) + (C(2)*X!TE¡'rp) + (C(3)r(XrTEMp*r2)) +

2960. e(C(4)r(XLîEMP**3) )
2910. NSUl.l2 ¡ NSUI'I2 + I
2980, c
2990. C L¡SÎ îI{E BEST FIT CIJRVE PIOTTING VÀLT'ES - CURVE NO. 2
3000, c
3010. r{nrTE (6,280) H¡XNO,DÀY
3020. rF (REU]X.EQ.0) cO 1O 370
3030. wRrTE (6,290)
30{0. 370 !¡RrrE (5,310)
3050. nr¡TE(6,320) (J,x2(J),y2(J),J.1,NSUn2)
3060. c
3O?0. C PLOT OUT THE BEST FIT CURVE - CURVE NO. 2
3080, c
3090. x2 (Nsulr2+'l ). 0,0
3100. Y2 (NSuì.r2+ l ). 0,0
31 1 0. X2 (NSUM2+2 ). 5 , 0
3120. Y2(NSIJM2+2). 160.0
3130, C
314 0. CÀLL NEWPEN ( I )
3150. CÀLL FLTNE (X2,Y2,-NSLM2,',l ,0,0)
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3160. rF (DÀSH,EQ.0) GO TO 380
3170. XDÀSH = (X2(NSLM2)/5.0) + 0.12
318 0. YDÀSH . Y2(NSUI't2l/\60,0
3190. ,(END = 4.0 - XDÀSH
3200. cÀLL PLOT (XDÀSH , YDÀSH, - 3 )
3210. CÀLL DÀSHP (XEND,0,0,0.12)
3220. CÀLL PLOT ( -XDÀSH, -YDÀSH, - 3 )
3230. 380 CÀLL PLOÎ (0.0,0.0,3)
3240. CÀLL NEWPEN(f)
3250. GO TO 590
3260, C

3270, C CÀLCULÀTE THE BEST F¡T CURVE PLOTTING POINTS - CURVE NO. 3
3280. C

3290. 390 rF (NCURV,NE,3) cO 10 ¿{0
3300. NsW3 = 0
3310, DO 400 K=1,!'lÀx10
3320. RK=K
3330. x3(K) = ((RK/10.0) - 0.1)
3340, rF (X3 ( K) .cE.XLAST) GO TO 410
3350, XTEMP . x3(K) + XSîÀRT
3360. v3(K) = (c(1)) + (c(2)*xrEMP) + ( c ( 3 ) r ( xr¡ypr r ! ) ) +
3370. & (C(4) * (XTE!.iP'*3) )

3380. rF (Y3(K).GT.YMÀX) GO 10 {10
3390. NSUl.l3 . NsuM3 + 1

3400. 400 coNTTNUE
3410. 410 X3 (NSUI'{3 + 1) = XLÀST
3420. XLTEI'íP . XLÀST + XSTÀRT
3430, v3 (NSur'{3 + 1) = (C(1)) * (C(2)*XTTEMP) + (C(3)*(XLTEMP**2) ) +

3440. & ( C ( 4 ) * (XLTEMP* * 3 ) )

3450. NSIM3 . NSUM3 + 1

3460. C

3470, C LIST THE BEST FIT CURVE PI,OTTING POINTS - CURVE NO. 3
3{80. C

3490. wRrrE ( 6,280 ) MTXNO,DÀY
3500. rF (REMrX.EQ.0) GO TO 420
3510. r.mrrE (6,290)
3520. 420 f{RrTE (6,310)
3530. WRrrE (6,320) ( ¡(,X3 ( K ) , v3 ( K ) , K.1 , NSU}|3 )
3540. C

3550. C PLOT OUT THE 8ES1 F¡T CURVE - CURVE NO, 3
3s60. c
3570. x3(NSU,l3+1)- 0.0
3580. Y3 (NSUI'I3+1)- 0.0
3590. X3 (NSt ü3+2 ). 5.0
3600. Y3 (NSr,r.{3+2 ). 1 60.0
36'1 0, C
3620. CÀLL NE¡{PEN ( € )
3630. CÀLLFLTNE(r3,v3,-NSUr.f3,1,0,0)
36{0. ¡F (DÀSH.EQ.o) GO rO {30
3650. x¡ÀSH . (x3(Nsrr.l3)/S.0) + 0.12
3660, YDASH ¡ Y3(NstM3)/160,0
3670. X^END ' 1.0 - XDÀSH
3680. CÀLL PLOT (¡OÀSH,YDÀSH, -3 )

3690, CÀLL DÀSHP (:iEND,0.0,0.12)
3?00. cÀLL PLOT (-XDÀSH,-YDÀSH,-3)
3?10. {30 CÀLL PLOî (0.0,0,0,3)
3120. CÀLL NEÍ{PEN ( 1 )
3730, co TO 590
37¿0. C
3750. C CÀLCULÀTE THE BESÎ F¡T CURVE PLOTÎING POINTS - CURVE NO, {
3760. C
3770. ¡r{0 ¡F (NCURV.NE,4) GO TO ¿90
3780. NSUM4 . 0
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3790. Do 450 L=1,1'lÀX10
3800, RL=L
3810. x4(L) = ((RL/10.0) - 0.1)
3820. rr ( x4 ( L ) . cE, XLÀST ) cO TO 450
3830. xfEMP = x4(L) + xsTÀRT
3840. Y4(L) = (c(1)) + (c(2)*xrEMP) + ( c ( 3 ) * ( xrEMp* r 2 ) ) +
3850. & ( C ( 4 ) * ( xrEMPr * 3 ) )
3860. rF ( y4 ( L ) , GT. yl'fÀX ) GO TO 460
38?0. NStJl'l{ = NSLJM4 + 1

3880. 450 êONTTNUE
3890. 460 X4 (NSrJr.r  + 1) =XLÀST
3900. XLTEMP = XLÀST + XSTÀRT
3910. y4 (Nsul.l4 + 1). (C(l)) + (C(2)*¡¡¡¡MP) + (c(3)*(XLTEMPT*2) ) +
3920. &(C(4 )r (XLTEMP*r3) )
3930. NSUl.l4 ! NSUM4 + 1

3940. C
3950. C LIST THE EEST FIl CURVE PLOTTING POÎNTS - CURVE NO, 4
3960. c
3970, WRrlE (6,280) UTXNO,DÀv
3980, rF (REMrX.EQ.0) GO TO 470
3990, wRtrE (6,290)
4000, 4?0 r{RrlE (6,310)
4010. wRrTE (6,320) (L,X4(L),y4(L),L=1,NSr.rM4)
4020. c
4030. c PLOÎ 0U1 Î¡{E BEST FlT CURVE - CURVE NO, {
4040. C
4050. X4(NSUM4+l)= 0.0
4060. Y4(NSU]'I4+1). 0.0
4070. X{(NSrrM4+2)= 5,0
4080, Y4 (NSUr'r4+z ). 160.0
4090. c
41 00 , cÀLL NEÍ.¡PEN ( I )
41',j0. cÀLL FLTNE ( X{ , Y{ , -ñSUr.t4 , 1 , 0 , 0 )
4120, rF {DÀSH.EQ.0) cO TO 480
{130, H)ÀSH = (X4(NSrrMA)/5.0) + 0.12
4140, YDÀSH - Y{(NStr.tLl/160.0
4150. XEND = 4.0 - XDÀS[{
4160. CÀLL PLOT (XDÀSH,YDÀSH,-3 )
41?0. CÀLf, DÀSI{P (XEND,0.0,0,12)
4180, CÀLL PLOT (-XDÀSH,-YDÀSI{,-3)
¿190, 480 CÀLL PLOî (0.0,0.0,3)
4200. cÀLL NEWPEN( 1 )
4210. cO TO 590
4220, C
4230. C CÀLCULÀTE îIIE BEST FIT CURVE PLOIÎING PO¡NTS - CURVE NO. 5
{2{0. C
4250. {90 rF (NCURV.NE.5) cO 10 5{0
4260, NSt ¡15 . 0
1270. DO 500 HJ'l,MÀx10
4280. RI,IJ.MJ
4290, x5(¡rJ) . ((Rl,lJll0.0) - 0,1)4300. rF (xs(MJ).cE.xLASr) Go ro 5r0
{ 310. XTE},|P . X5 (tü ) + XSTÀRT
1320. y5(MJ) . (c(1)) + (c(2)rxrEup) + (c(3)r(xrEMpir2)) +
{330. 6¡ ( C ( ¿ ) r (XTEt{Pr r 3 ) )¿3{0. ¡F (ys(HJ),Gr.rMÀx) GO TO 510
4350. NSlrMs . NSUüs + l
4360. s00 coNTrNrrEÁ370, 510 X5(NSu'{5 + 1) . )(I,AST
4380, XÍ.îE!'íP ¡ ,ILÀST + XSTÀRT
4390. Y5 (NSUlrs + 1). (C(l)) + (C(2)rXrTEùrP) + (C(3)i(XLTEI'C'i*2)) +
4400, Ê(c(i¡)*(xLTEr'rPrr3))
4¿10. NSIX5. NSTMS + 1
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4420 . C
4430. C LIST THE BEST FIT CURVE PLOTT¡NG POINTS - CURVE NO. 5
4¿40 , c
{450, r.¡RrTE (6,280) MTXNO,DÀY
4460. rF (REMrX,EQ.0) cO TO 520
4410. r{Rr TE ( 5,290 )
4480, 520 nRrTE (6,310)
4490. mIlE (6,320) (¡{J,X5(}rir),y5(¡r.J),},u=1,NstDrs)
{500. c
{510. C PLOT OUT THE 8ES1 FIT CURVE - CURVE NO. 5
4520. C
4530. X5(NSrD'r5+1). 0.0
{5¿0. Y5(NSrJ}rs+l)= 0.0
4550 , x5 (NSUHs+2 ) = 5. 0
4550, Y5(NSW5+2)' 160,0
4570. C
{580. cÀLL NEWPEN ( I )4590. CÀLL ÉLrNE ( X5, y5 

, -NSUÌ{5 , 1 ,0 ,0 )4500. tF (DÀSH.EQ.o) cO TO 530
4610, xDÀsH . (x5(NSUM5)/5,0) + 0,124620. YDÀSH = Y5(NSUr,ts)/160.0
4630, XEND Ê ¿.0 - X"DÀSH
4640, CÀLL PLOT (X!ÀSH,YDÀSH,-3)
4650. CÀLL DÀSHP (XEND,0.0,0,12)
4660. cÀLL pr¡oT ( -xDÀst{, -yDÀsH, -3 )4670. 530 cÀLL PLOT (0.0,0.0,3)
{680. CÀLL NEWPEN( 1)
4590. cO TO 590
4 700. C
4710. C CÀLCULÀÎE THE BESÎ FTT CURVE PLOTTING POINTS - CURVE NO. 6

4730. 540 ¡F (NCURV,NE,6) cO TO 590
4740. NSUI'16 . 0
4750 . Do 550 NJ' 1 ,1{Àx1 0
{?50. RNJ.NJ
4770. x6(NJ) = ((RNJ/10.0) - 0.1)
4?80, rF (X5(NJ),cE.XLÀST) cO TO 560
4790, xTEMp . x6(NJ) + XSTÀRT
4800, y6(NJ) - (C(1)) + (C(2)*XTEnp) + ( C ( 3 ) r ( xTEMpr * 2 ) ) +4810. &(c(¿ )' (xTEHpr*3 ) )
4820, rF (y6(NJ).cr.yltÀ:() co To 550
{830. Nstx6 . Nsut'16 + 1

{8a0. 550 coNTINUE
4850. 560 x6 (Nsur'r6 + 1) . xLÀsÎ
¿850. XITEMP . X¡ÀST + XSTÀRT
4870. y5 (NSU}.{6 + 1) ' (C(1)) + (c(2)*xuEl.rp) + (c(3)*(xrlE¡{p**2))
¡1880. &(c(¿)*(xlTElrPrr3) )
{890. NSut'16 . NSl,tM6 + 1

¿900, c
4910. C LIST THE BEST F¡T CURVE PLOÎÎTNG POINTS - CURVE NO. 6{920. c
{930. r{RITE (6,280) HTXNO,DAY
49{0. rF (REü¡X.EQ.o) GO TO 570
4950, wRrTE (6,290)
4960. 570 r{RrTE (6,310)
4970. wRrlE (6,320) (NJ,x6(NJ),y5(NJ),NJ.1,NSUI{6)
{980. c
{990, C PLOT OTI¡ THE BEST FIT CURVE - CURVE NO. 5
5000 , c
5010 . x6 (NSUM6+1 ). 0. 0
5020. Y6 (Nst M6+1 ). 0. 0
5030. ¡{6 (NSIJM6+2 ). 5. 0
50{0. y5 ( NSUr,t6+2 ). 160,0
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5050. C

5060, cÀLL NEWPEN ( I )
50?0. cÀLLFLINE (X5,y6,-NSU1í6,1,0,0)
5080, rF (DÀSH,EQ.0) GO TO 580
5090. xDÀsH = (x6(Nstnr6)/5.0) + 0.12
5100. yDÀsr{. Y6(Nstt{6\/160.0
5110. XEND = 4.0 - XDÀSH
5120. CÀLL PLOT (XDÀSH,YDÀSH,-3 )
5130. CÀr,L DÀSHP (XEND,0,0,0.12)
51{0. CÀLL PLOÎ (-X!ÀSH,-YDÀSH,-3)
5f50, 580 CÀLL PLOT (0.0,0,0,3)
5160. CÀLL NEI{PEN(1)
51?0, C

518 0. 590 CONT¡ NUE
5190. C
5200, C DEVELOP À LEGEND FOR CO¡.IBINÀT¡ON PLOT NO, 1

52f0. c
3220. rF (NC. NE. 1 ) GO TO 591
5230. CÀLL SyMBOL (2.46,6.86,0,14,'CLÀy MORTÀR"0.0,11)
52{0, CÀLLSYMBOL (2.53,5.58,0.r4,'LIME STUDY"0.0,10)
5250. CÀLL SYMEOL ( 3 . 6 1 5 , 6 , 3 ? , 0 . 0 7 , 'À" 0.0,1)
5260. CÀLLSYMBOT. (2.775,6.32,0.07,,M¡XNOS, 1-5,,0.0,12)
5270. CÀLL SylttBOL ( 2 . 7 0 5 , 5 . 1 I , 0 . 0 ? , ' 2I -DÀy STRENGTT{. ,0. 0 , 1 5 )
5280. CÀLL SYMBOL (2.705,5.97,0,07,'ONEUNTTCLÀy"0.0,13)
5290. CÀLL SYMBOL ( 2 . 9 1 5 , 5 , 13 , 0 . 0 7 , ' 3 3 , 3X SÀND"0.0,10)
5300. cÀLL Syl'rBoL ( 2 . 9 1 5 , 5 , 6 9 , 0 , 0 7 ,'. 1 ,7 5Z FTBRES, ,0.0,12)5310. GO TO 609
5320. C
5330. C DEVELOP A LEGEND FOR COMBINÀTTON PLOT NO. 2
53¿0. c
5350, 591 rF (NC.NE.2) cO TO 609
5360. CÀLL Svr'rBOL ( 2 . { 5 , 6 . 16 , 0 . 1 { , ' CLÀy MORTÀR"0.0,11)
5370. CÀLL Syr'rBOL (2.53,6.58,0,1¿,'LIME STUDY',0.0,10)
5380. CÀLLSYMBOL(3.6r5,6.37,0.07,'À"0.0,1)
5390, CÀLL SYI.TBOL (2.715,6.32,0.0?,'lrrx NOS, 1-5l,0.0,12)
5400. cÀLL SYMBOL (2.705,6.18,0.07,'28-DÀy STRENGT¡{ ' ,0,0 , 1 5 )
5410. CALLSYMBOL (2.705,5.9?,0,0?,'ONEIJNIlCf,Ày"0.0,13)
5420, CÀLL STMBOL ( 2 . 9 1 5 , 5 . I3 , 0 , 0 ? , ' 3 3 . 3X SÀND"0.0,10)
5430, CÀtL SYMBOL (2,915,5.69,0.07,'1.752F¡BRES,,0,0,12)
5440. C
s{50. 609 cÀLL PLOT (12.0,0,0,999)
5460. 610 CONT! NUE
5¿70. CÀLL PLoT (0 .0 ,0. 0 ,9999 )
5{80. STOP
5490, END



391

G.6 COMptrI'ER pROcRÀtf NO. 6 [25. 27]

Computer Program No. 6 performs the same job as Computer

Program No. 4 but is modified to be used for the lime-sand

mortar mixes. Modifications were necessary due to the l-ower

stress-strain values obtained with the lime-sand mortar

mixes. This involved a reduction of the plot scales. More

details of this program can be obtained fron the description
of Computer Program No. 4 and rrithin the program itself.
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10, /./.DAy28 JOB 
",,T=1M,L=5,I=10,C=0"'RÀNDY 

ZÀPOTOISKY 

" 
CLASS=F ,20. // MScLEvELs(1,1)

30. /*RoUTE PRINT SELF
40, /*D800 VPLOI
50. / /. ExEc FoRTHctc,usERLrB='sys3,vptorLrB',srzE.256K
60. //FOR?.SYSIN DD *
70. c
80. c
90. c

100, c
110. C

--- LSIMPLOT --_
120. C --- THIS ¡S THE PROGRÀM FOR S¡MPLE PLOîTING ---

--- LIME-SÀND I'IORTÀR MIXES ---

170. C IN ÍI{IS PROGRÀI.I TI{E FIRST THING THÀT IS REÀD IN IS THE
180. C NUÌ'IBER OF PLCTS TO BE DRÀ!¡N. T¡.tE C¡{ÀRACTERI STI CS , NÀr.fELy
190. C TI.IE ORGIN ÀND ÀXES, ÀRE ÎHEN DEFINED ÀND PLOÎÎED OUT.
200. c FoR ÀESTHEÎ¡CS PURPOSES ONLY, A PRÀME tS THEN DRAWN ÀROUND
210. c ÎH¡S SET OF ÀXES.
220, c
230. C FOLLOÍ{ÌNG ît{E ÀBOVE, lHE DÀTÀ PO¡NTS ÀRE Tl.tEN REÀD IN,
240. C PLOTÎED OUT I{ITHIN THE LIMITS OF ?HE CHÀRÀCTERISîICS OF THE
250. C PLOT ÀND THEN À SMOOTH LINE JOINS EÀCH SET OF POINTS,
260. C FOR EÀCH PLOT THREE SETS OF CURVES ÀRE SET OUT TO BE PLOTTED.
270. C
280, C TN THE END, À LEGEND IS TNSERTED TN THE INNER, UPPER
290. C RIGHT HÀND CORNER OF THE PLOT. IF NO LEGEND TS ÞESTRED, THIS
3OO. C PÀRT CÀN BE SKTPPED,
310. C
320. c LHEN SUEMITTING À JO8, THE ORDER OF SUBMTSSION IS:
330, C

340. C 1) LSTMPLOî
350, C 2) NOPT.OT
360, C 3) "FIRST DÀTÀ FILE"
3?0. c 4) "sEcoND DÀîÀ FrLE'
380. C 5) "TI{IRD DÀTÀ FILE''
390. c l) I I I

4oo. c l) I I I

410. C N) 'N-2TH DÀTÀ FILE (LAST ONE)"
420. C
430, C WHERE:
440. C
450, C
460, C
410, C
{80, c
490, C
500, c
510, C
520, C
530, c
5{0, c
550, c
560. c
570, C

580. C

590. C

600. c
610. C
620. c
630, c

130, C
140. C
150. C
160. c

LSIr'IPLOT: lS THE NÀ¡.lE OF ÎHIS SIIIPLE PLOTTING
PROGRAI.I,

NOPLOî: CONÎÀINS lHE F¡RSÎ JCL STÀTEI'IENT ÀND
SPECIFTES THE NIJI'IBER OF PLOTS TO BE
PLOTIED, THE FORI{ OF THIS F¡LE IS:

1. //co. sYsrN,DD r
2 . (NI'}IBER OF PLOTS Ù

DÀTÀ FTLE: THE FIRST OR ÀNY OÎHER DÀTÀ FILE
CONTÀINS SOME BÀSIC ¡ NFOR¡I''T¡ ON ÀBOU'T
lHE PLOT ÀND ITS DÀÎÀ POINTS. THE
FOR]'Í OF À DATÀ FILE IS:
'1 . MIXNO N N1 N2 N3 DÀY REM¡X
2. x1 Y1
3, x,2 y2l:ll
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640. C
650, C
660. c
670, c
680, c
690. c
700. c
710. C
720. c
730. C
740. C
750. C
?60, c

780. c
790, c
800. c
810. C
820. c
830. c
840. c
8s0. c
860. c
870. c
880, c
890. C ÀLSO, Î{HEN SUBMITT¡NG A JOB, ONE MUST MÀKE SURE THÀT T¡{E
9OO. C JCL ENDING THE DÀÎÀ TNFORüÀTION MUST BE PLÀCED ÀT THE CORRECT
910. c posITIoN, IF ONLY ONE PLOT IS TO 8E PLOTTED, tT GOES À1 THE
920, C END OF THE FIRST DÀTÀ FILE. IN THE CÀSE 9II{ERE TI{O OR MORE
930. C PLOTS WILL BE DRÀWN, lHE JCL ¡fUSî 8E PUT ÀT ÎI{E END OF THE
9{0. C LÀST DÀTÀ FIT,E,
950. C
950. C DEPENDING ON THE NUI'IBER AND TYPE OF PLOTS TO BE DONE, THE
970. C 'DEVELOP À LEGEND" PÀRî OF THE PROGRÀM MUST BE I.{ODIFTED
980. C ÀCCORDINGLY, IF USED.
990. c

1OOO. C LIMITÀTIONS OF TI{E D¡MENSION STÀTEüENTS ÀRE ÀS FOLLOT¡S:
1010, C
1020, c 1) STRÀN_( _) , STRES_( _)1030. C MÀAIMUM ÀLLOWÀBLE NI,JMBER OF DÀTÀ POINîS PER CUEE
1040. C REÀD lN IS 102 - 2 . 100
f 050. c
1060, c
10?0. C
1080. DTMENSTON rEUF(4000),SÎRÀN1(102),STRES1(102),STR.AN2(102),
1090. &srREs2 ( 102 ),STRÀN3 ( 102 ) ,STRES3 ( 102 )
1 100, INTEGER DÀY, RE¡II X
1110. c
1120. C REÀD ÀND WRTTE OUl THE NT'I.IBER OF PLOTS TO BE DRÀI{N
1'130. c
1l¿0. READ (5,r) NOPLOT
1 150. l{RrrE (5,5) NOPLOT
1160. 5 FORMAT (.1"/////l//,4x,'fl.tE NIJMBER OF pLOrS rHÀr 

"1170. &'ÀRE TO BE DRAr{N rS"3X,r3)
1 180. DO 100 NP.1,NOPLOI
1 190. cÀLL PLOTS (IBUF,t000)
1200. c
1210, C DEFINE SOME CHÀRÀCTERIST¡CS OF THE PLOT.
1220. c
12 30. cÀLL PLOT (0,0,-11.0,-3)
1240. CALL PLOT (0.0,2.0625,-3)
1250. cÀLL FÀCTOR (1.0)
1260. cÀLL ÀXrS ( 0 ,0 ,0,0 , , sTRår N - X ' , - 1 0 , { , 0 , 0 . 0 , 0 . 0 , 1 . 0 )

N. x(N-1) Y(N-1)

WHERE: UIXNO = THE HIX NLJUBER
N = THE ToTÀL NUMBER oF

DÀTÀ POINTS FOR THE

N1 = THE TOÎÀL NUI.IBER oF
DÀTÀ POINTS FOR CUBE
NI'MBER 1 .

N2 = THE TOîÀL NU}IBER OF
DÀTÀ POINTS FOR CUBE
NU¡ÍÐER 2.

N3 = THE TOTÀL NUMBER OF
DATÀ POINÎS FOR CUBE
NI,,MBER 3 .

DÀY = THE ÀGE (IN DÀYS) OF
lHE MIX ÀT THE ÎIME
OF TESTING.

REMIX ='0" l{l{EN fHE MIX WÀS
NOT REM] XED.

"1" WHEN Îl{E M¡X trÀS
REI'II XED.

X&Y'S = THE DÀTÀ POINTS.
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1270, CÀLL ÀXrS ( 0 . 0 , 0 . 0 , ' STRESS - pS r ' , 1 2 , 7 . 0 , 9 0 . 0 , 0 . 0 , 2 5 . 0 )
1280. C
1290. C ------ DRÀf{ À RECTÀNGULÀR FRÀME ÀROIjND THE PLOT ------
1 300. c
1310. CALL NEI{PEN (4)
1320. CÀLL RECT ( -0,75, -1 , 2 5 , 9 , 0 , 5 . 5 , 0 . 0 , 3 )
1330. CALL NEI.¡PEN ( 1 )
1 340. C
1350. C ------ REÀD ÀND WRITE OUT SOME 8ÀS¡C INFORMATION ---_--
1360. C
1370. REÀD (5,T) HIXNO,N,Nl ,N2,N3,DÀY,REMTX1380. WrrrE (6,5) MTXNO,DÀY
1390. 6 FOR¡'íÀT ( ' 1 ' , / / / / / / / / ,lX , ' lrJr S rS THE SrMp¡,E PLOT 

"1400, &'pRoGRÀt'r FoR MIX NUMBER' ,I 5 ,3X, ', À1 lHE',3X,I2,3X,
I¿10. &'DÀY STRENGTH')
1{20. WRrrE (6,?) r'rrxNo,N
1430. ? FoRHÀr (////////,4x,,
1{¿0. &'THE îOTÀL NUI.IBER OF DÀTÀ PO¡NTS REÀD IN FOR M¡X NUl,lBERr,
1450. &r6,4r<,'rS"¡7)
1460. r.rRrrE (5,8) N1 ,N2,N314?0. 8 FoRtrÀr l////////,4x,,
1{80. &'THE NUI.IBER OF DÀTÀ POINTS REÀD IN FOR CUBE NIJMBER 1 =',1490. e1X.,r3,//,42X,' CUBE NIJHBER 2 =' ,1X,,r3,//,42X,,1S00, &,CUBE Nul.fBER 3 _,,1X,I3)
1510. rF (REMÍX.EQ.l ) GO TO 10
1520. f{RIlE (6,9)
1530. 9 FORMAT l////////,4X, 'THE FOT,LOWTNG DÀTÀ rS FOR THE MrX ,,
15¿0. &'I4}IEN ITS COMPONENTS WERE COMBINED FOR lHE FIRST TIME')
1550, GO rO 12
1560. 10 HRrlE (6,1',1 )
1570, 11 FORrlÀT l////////,4X, 'THE FOLLOWTNG DÀTÀ tS FOR WHEN THE '1580. E'HÀRDENED ORIG¡NÀL M¡XTURE WÀS CRUSHED ÀND REI.IIXEDI )
'1 590 . C
1500, C REÀD ÀND WR¡îE OUl TI{E DÀÎÀ POINîS FOR îI{E MIX.
1610. C
1620. 12 READ (5,r) (STRÀN1 (¡),STRES1(r),r-1,N1)
1530. REÀD(5,*) (S1RÀN2(J),STRES2(J),J=1,N2)
1640, REÀD(5,*) (STRÀN3(K),STRES3(r(),r.1,N3)
1650, f{ÌI TE (5,13) l'rrXNO,DÀv
1650, 13 FORr.tAr ('1"////////,32x,'DÀrÀ pOrNTS"//,30X,
1570. &'UrX NUì,rBER' ,15, / / ,29t,,t2,3X, ' DÀY STRENGTH')
1680, r{lITE(6,1{)
1590, 1{ FOR},|AT ( // ,4X, 'DÀTÀ NLXBER' ,10X,'X-VÀ!.UES (STRÀIN-X)"10¡r,
1700. e ' Y-VÀLUES (STRESS-psr)"/)
1710, r{RrTE (6,15)
1120, 15 FORl,t T (/,{X,'CUBE NLDTBER 1' ,/''1730, e¡RrTE (6,18) (r,STRÀNr(¡),STRES1(r),r.1,Nl)
1740, grRrrE (5,16)
1750. l6 FORr.lÀr (//,4X,tCURE NI,TMBER 2"/)
1760. r¡RrTE (6,18) (J,STRÀN2(J),STRES2(J),J=1,N2)
1770. r{RrTE (6,17)
1780. 17 FORl,tÀT (//,lt,'CUBE NTD,TBER 3"/)'1790. r{RrTE (6,18) (K,SrRÀN3(K),STRES3(K),K.1,N3)
1800. 18 FORMÀT (' ' , ?X , r 3 , 1 7X , F 1 0 . 3 , 1 9X , F 1 0 . 1 )
1810. C
1820. C PLOT OUT THE DÀTÀ POINTS ÀND JOIN THE POINTS WITH À
'1830, c sMoorH LINE.
1840. C
1850 . STRÀN1 (N1 +1 ) = 0.0
1860. STRESI (N 1+1 ). 0.0
1870, STR¡N 1 (N',1+2). 1.0
1880, STRESl (Nl+2)'25,0
1890, c
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1900. STRÀN2 (N2+1)= 0,0
1910. STRES2 (N2+1)= 0.0
1920, STRÀN2 (N2+2)= 1,0
1930, STRES2 (N2+2)= 25.0
1940, C

1950, STRÀN3 {N3+1)= 0,0
1960. STRES3 (N3+1)= 0.0
19?0. STRÀN3 (N3+2)= 1,0
1980. STRES3 {N3+2)= 25.0
1990. C
2000, cÀLL FLINE (STRÀN1 ,STRESl,-N1 ,1,1,0)2010. cÀLLFLINE(STRÀN2,STRES2,-N2,1,1,2)
2A20. CÀLL FLINE (STRÀN3,STRES3,-N3,1,1,3)
2030. c
2040. c
2050. c ------ DEVELOP À LEGEND ------
2060. c
2010. C PUT MÀJOR ÀND MTNOR ¡NFOR}'IÀTION INTO THE LEGEND.
2080. c
2090. rF (NP.NE.1) GO TO 35
2r00. cÀLL syMBoL 12.25,6,86,0,14,'MIX NO. 12"0.0,10)
21r0. cÀLL sYr.rBoL (1.90,6.58,0.14,'LIME:SÀND = 1:6,,0.0,15)
212A. CÀLr SYMBOL 12.53,6,31 ,0,07,'LrME BRÀND À"0.0,12)
2130. CALL SYMBOL 12.425,6,23,0.0?,'28-DÀy STRENGIr{ ' , 0 . 0 , 1 5 )
21{0. CÀLL SYHBOL (2.60,5.09,0.07,'20,{% M.C. .'0.0,10)
2150. CÀLL SYMBOL ( 2 . 7 4 , 5 , I I , 0 , 0 7 , ' = CUBE 1',0.0,8)
216A. CALL SYITIBOL 12.74,5,74,0.07,'= CUBE 2',0.0,8)
211A. cÀLL SYMBoL (2.74,5.50,0.07,'= CUBE 3',0.0,8)
218 0. GO TO 97
2190. 36 ¡F (NP,NE.2) GO TO 37
2200. cÀLL SYMBOL 12 .25 ,6 ,86 ,0 ,14 , ' Hr X NO. 13"0.0,10)
2210. CÀLL SYÌ'IBOL (1.90,6.58,0.14,'LIME:SÀND . 1:5',0.0,15)
2220. CÀLL SYMBOL (2.53,6.37,0.07,'LrME 8RÀND À"0,0,12)
2230. CÀLL SYMBOL (2.425,6.23,0,07,'28-DÀy STRENGTH' ,0 ,0 , 1 5 )
2240. CÀLL SYMEOL ( 2 . 5 0 , 6 . 0 9 , 0 . 0 ? , ' 2 0 . 8U !'{.C."0,0,10)
2250. cÀLL SYHBOL ( 2 . 7 4 , 5 . I I , 0 , 0 7 , ' . CUBE 1',0,0,8)
2260, CÀLL SYMBOL (2 ,14 ,5.7 4 ,0 .07 , ' = CUBE 2',0.0,8)
2270. CÀLL SYMBoL ( 2 . 7 4 , 5 . 6 0 , 0 . 0 7 , ' = CUBE 3',0.0,8)
2280. GO TO 9?
2290. 3? rF (NP.NE.3) cO TO 38
2300, CALL syMBoL ( 2 . 2 5 , 6 . 8 6 , 0 . 1 { , ' M¡ A NO, 14"0.0,10)
2310. CÀLL SYMBoL (1.75,5.58,0.14,'L¡ME:SÀND = 1:4.5',0.0,17)
2320. cÀLL Sy!'r8OL (2.53,6.3?,0.07,'¡L¡ME BRÀND À"0.0,12)
2330, CÀf.L SyMBOL (2.{25,6.23,0.07,'28-DÀy STRENGTH' ,0. 0 , 1 5 }
23{0. cÀLL SYMBOL ( 2 . 6 0 , 5 . 0 9 , 0 , 0 7 , ' 2 0 . 8X r,r.C. 

"0.0,10)2350, CÀLL SYMBOL (2.74,5.88,0,07,'. CU¡e 1,'0.0,8)
2360. cÀLL SyHBOL (2 .71,5.7 4 ,0 .07 , ' . CUBE 2' ,0,0,8)2370, CÀLL Svr.rBOL (2.7{'5.60'0.07"- CUBE 3.'0,0'8)
2380, cO TO 97
2390. 38 IF (NP,NE.{) GO TO 39
2{00. cÀLL syMBoL ( 2.25,6.86,0.1¿, I M¡X NO, 15' ,0.0,10 )

2{10. CÀLLSYMEOL (1.69,5.58,0.1{,'L¡ME:SÀND' 1:3.65',0,0,18)
2420, CÀLL Syl.rBOL 12,53,6,37,0.01,'LIME BRÀND À"0.0,12)
2{30. cÀLL SYMBOL (2.425,6.23,0.07,i28-DÀY STRENGTH ' ,0 .0 , 1 5 )
2440. CÀLL SYMBOL (2.50,6,09,0.07,'21,3U r'f.C."0.0,10)
2{50. CÀLL SYMEOL ( 2 . 7 4 , 5 . I I , 0 . 0 7 , ', = CUBE 1"0.0,8)
2460, CÀLL SYI'|8OL (2.74,5.7{,0,0?,',. CUBE 2r,0.0,8)
2470, CÀLL SYMBOL (2.74'5.60,0.0?"= CUBE 3"0,0,8)2{80. co ro 97
2{90. 39 rF (NP,NE.5) cO TO {0
2500. cÀLL SYMBOL ( 2 . 2 5 , 6 , 8 6 , 0 , 1 4 , ', lrr X NO. 16.'0,0,10)
2510. cÀLL SyMBOL ( 1 , 90 ,5.58 ,0. 14 , ' LI ME: SÀND . 1 :3 

" 
0 , 0 , 1 5 )

2520, cÀLL Syl'lBor (2.53,6,37,0,07,'LIME BRÀND À"0.0,12)
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2s30.
2540.
2550.
2560.
2570.
2580.
2590,
?600,
261A .
2620 .
2630,
2640,
2650.
2660.
2670.
2680 ,
2690,
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2120.
2130.
2740.
2150,
2760,
2110 ,
2180.
2194.
2800.
2810.
2820 .
2830.
2840,
2850,
2860,
2870 .
2880.
2890.

cÀLL SY¡IBOL 12,425,6.23,0.0?, ' 28-DÀy STRENGTH ' , O . 0 , 1 5 )
cÀLL SYMBOL ( 2 . 6 0 , 6 , 0 9 , 0 . 0 7 ,' 22 .12 t4,,C,,,0.0.10)
CÀLL SYIIBOL ( 2 , 7 4 , 5 . 18 , 0 , 0 7 , ' = CUBE 1',0:O,Sj
CÀLL SYHBOL (2.74,5,74,0,01,'= CUBE 2' ;O.O;S)
cÀLL SYr'l8OL (2.74,5,60,0,07,'= cuEE 3"0.0,8)
GO TO 97

4O IF (NP.NE.6) GO TO 41
cÀLL SYMBOL ( 2 . 2 5 , 6 . 15 , 0 . 1 4 , ' ¡lr x No. 17"0.0,10)
cÀLL Syl.tBoL ( 1 . 90,5. 58,0. 1 4,' L¡ME:SÀND . I : 2 i,O, O, 1 S)
cÀLL SYMBOL 12.33,6.37,0,0?, 'LrME BRÀND À"0.0,12i
cÀLL SyMBOL 12,425,6,23,0,07, ' 28-DÀy srRENGlt{ ' ; 0 . 0 , 1 5 )
cÀLL Syr.rBoL ( 2 . 6 0 , 6 . 0 9 , 0 . 0 ? ,, 29 , 62 M,C,,,0.0.1ó)
cÀLL SYMBOL (2.7{,5.88,0.07,'= CUBE 1',0:0,8i
CÀLL SYMBOL (2.74'5.74,0.07,'= CUBE 2',0.0;8)
CÀLL SYI{aOL (2.74,5.60,0,07,'' CUBE 3',0.0;8)
GO TO 97

41 IF (NP.NE.7) GO TO 42
CÀLL SYMBOL ( 0 , 7 2 5 , 6 , 16 , 0 . 1 { , ' litl x No. 17',0.0,10)
cÀLL SYMBOL ( 1,075,6. 58,0. 14,' REXTX',0. 0,5)
CÀLL SYMBOL ( 0 , 3 7 5 , 6 . 3 0 , 0 . 1 4 , 

I L I ME : SÀND = 1:2',0.0,15)
cÀLL SYMBoL ( 1 . 0 0 5 , 5 . 0 9 , 0 . 0 7 , ' L r ME BRàND À',0,ó,12i
CÀLL SYMBoL (0.795,5.95,0.07,'RE!.rIx AGE = 5 DAYS',0.0,18)
cÀLL SylrBoL ( 0. 900, 5. 81, 0. 07,' 28-DÀy STRENGTH'' 0. 0, 1 5 )
CALL SyltBOL ( 1 . 0?5, 5. 67,0. 01,' 26.7% M.C.,,0. O, 1 O)
cÀLL SYMBOL ( 1 . 2 1 5 , 5 . 4 6 , 0 . 0 7 , ' = CUBE 1',0.0,8i
CÀLL SYMBOL ( 1 . 2 1 5 , 5 , 3 2 , 0 . 0 7 , ' = CUBE 2',0.0,8)
CÀLL SYMBOL ( 1 , 2 1 5 , 5 . 1 I , 0 . 0 ? , ' . CUBE 3',0.0,8)
cÀLL SYMBOL (1 .110,5. {95,0,0?,0,0,0, -1)
cÀLL SYMBOL ( 1. 1 10,5.343333,0.0?,2,0.0,-1 )
cÀLL SYMBOL (1. r10,5.215,0.0?,3,0,0,-1)
GO TO 99

42 rF (NP,NE.8) cO 10 {3
cÀLL SyMEOL ( 2 . 2 5 , 6 . 16 , 0 , 1 4 , ' Hr :t NO. 18,,0,0,10)
CÀLL SyMBOL ( 1 , 90 ,5, 58 ,0 , 14 , 

I LIME: SÀND = 1:6',0.0¡15)
cÀLL Syr'rBoL 12 .53 ,6 ,31 ,0 .07 , 'LrME BRÀND B' ,0 .0 , 1 2 i
cÀLL SyMBOL (2.425,6.23,0.0?, ' 28-DÀy SîRENGTH' ;0 . 0 , 1 5 )
CÀLL SyMBOL ( 2. 60,6. 09,0.07,' 1 9,0X r,t.C.',0. 0, 1 ó)
CALL SYMBOL (2.?{,5.88,0,07,'= CUBE 1',0.0,8)
cÀLL SYMBOL (2.14,5.74,0,07,'. Cuss 2',0.0,8)
CÀLL SYMEoL (2.74,5.50,0.07,'. CUBE 3',0,0,8)
GO TO 97

43 IF (NP,NE.9) GO TO {4
cÀLL SYMEOL ( 2 , 2 5 , 5 . 15 , 0 . 1 ¿ , ' M¡ X NO. 19!,0.0,10)
CÀLL SYI.IBOL ( 1 ,90,6.58,0. 1{, 'LIME: SÀND . 1:5',0.0r15)
cÀLL SYHBOL ( 2. 53,6. 37,0.07,'LIME BRÀND B',0. 0, 1 2)
cÀLL SyMBOL 12,t25,6,23,0.07, ' 28-DÀy STRENGTH ' ,0. 0 , 1 5 )
cÀLL SYMBOL ( 2.60,6.09,0.07, ' 18. {Z r,f.C,',0.0,10)
CÀLL SYI'IBOL ( 2. 7¿' 5. 88,0, 07,'. CUBE 1', 0, 0, 8 )
CÀLL SYMBOT, (2.74'5.74'0,07,'= CUBE 2',0.0,8)
CÀLL SyMBOL ( 2. 7{, 5. 50, 0, 07,' - CUBE 3',0, 0, I )
GO TO 97

{{ IF (NP,NE.1O) GO TO 45
CÀLL SYMBOL ( 2. 25, 6. 86, 0, 1 4,'l.l¡X NO. 20', 0. 0, 1 0 )
CÀLL SYMBOL (1.76,6.58,0. 14,'L¡ME:SÀND = 1 :{.5',0.0, 1?)
CALL SyMBOL ( 2. 53, 5. 37, 0. 07,' LIME BRÀND E" 0. 0, 1 2 )
cÀLL Syr.tBoL ( 2. {25,6.23,0.07, ' 28-DÀy SÎRENGTH ' ,0 . 0 , 1 5 )
cÀLL SyùtBOL ( 2,60,6,09,0.07, ' 18.1U M,C. 

"0.0,10)cÀLL SYI'iBOL ( 2, 74, 5. 88,0. 07,'. CUEE 1 .' 0. 0,8 )
cÀrJL sYtrBoL 12,7 4 ,3.14 ,0 .07, ' = cuBE 2"0.0,8)
cÀLL SYMBOL (2.7{,5.60,0.0?,'= CUBE 3.'0,0,8)
GO TO 97

45 IF (NP.NE.I'I ) GO TO 46
cÀLt syr.rBoL (2.25 )6.56,0,14,'¡rr¡{ No. 20"0,0,10)
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LSIMPLOT "Computer Program No, 6"

460.

cÀLL SYMBOL ( 2,60,6.58,0.14, ' REMr X 

"0.0,5 
)

CÀLL SYMBOL ( 1 . 7 6 , 6 . 3 0 , 0 . 1 4 , ' L I ME : SÀND = 1:4,5',0.0,1?)
cÀLL Syr.rBoL, ( 2. 53, 6. 09, 0. 07,' LIME BRAND B 

" 
0, 0, i 2 )

cÀLL SyMBOL (2.285,5.95,0.07,'REUTX ÀcE = 19 DÀyS"0.0,19)
cÀLL Syl.rBoL ( 2.425,5.81 ,0.0? , ' 28-DÀy STRENGTH, ,0.0,15 )
cÀLL Syl'rBoL ( 2 . 6 0 , 5 . 6 7 , 0 . 0 7 , ' 1 8 . 0U M.C.' ,0.0,10)
CÀLL SYMBOL ( 2.7{,5, {6,0.07, '= CUBE 1 ' ,0.0,8 )

CÀLL SYHBOL 12.14'5,32'0,07 'l= CUBE 2',0.0'8)
CÀLL SyHBOL 12.74,5,18,0.01,'= CUBE 3',0.0,8)
GO TO 9?

46 IF (NP.NE.12) GO TO 47
CALL SYMBOL (2,25,6.86,0,14,'r'lrX NO. 21"0.0,f 0)
CÀLL SyI'IBOL ( 1 , 69,6.58 ,0. 1{, 'LIME: SÀND = 1;3.55',0.0,r8)
cÀLL SYMBOL ( 2, 53, 6. 37, 0. 07,' LrME 8RÀND B 

" 
0, 0, 1 2 )

cÀLL SYMBOL (2.425 ,6.23 ,0 .0 7 , '28-DÀy STRENGTH' ,0. 0 , 1 5 )
CÀLL Svl.lBOL ( 2. 60,5.09,0.07 , ' 17.8X Þ1.C,',0.0,10)
CÀLL Syl.lBoL (2,71,5.88,0,0?,'. CUBE 1',0.0,8)
CALL SyMBOL (2,74,5.74,0.01,'. CUBE 2',0.0,8)
CÀLL SYMBOL (2.74'5.60'0.07"= CUBE 3',0.0,8)
co ro 97

47 rF (NP.NE,13) GO TO 48
cÀLL SylrBot (2.25,6,86,0.14,'Mrx No. 21"0.0,10)
cÀLL SY¡{BOL (2.60,6.58,0. 14,'REMIX"0.0,5)
CÀLL SYHEOL (1.69,6.30,0.1{,rLIME:SÀND . 1:3,65',0,0,18)
cÀLL SYMBOL ( 2. 53, 6. 09, 0. 0?,' LrME BRÀND B 

" 
0. 0, 1 2 )

CÀLL SYMBOL ( 2 . 2I5 , 5 . 9 5 , 0 . 0 7 , ' REMI x ÀGE = 19 DÀYS' ,0,0,19 )
cÀLL SyHBOr, (2.425,5.8',j,0.07,'28-DÀY STRENGTH',0,0,15)
cÀf,L syHBoL ( 2,60,5.67 ,0.07 , ' 17.5X M,C. .'0.0,10)
CALL SYI.IBOL 12.74,5.46,0.01"= CUBE 1.'0,0'8)
cÀLL Svl'lBoL 12.74,5,32,0.07 

"- 
CUBE 2"0.0,8)

CÀLL SyHBOL ( 2 . 7 { 
' 

5 . 1 I 
' 

0 . 0 7 
' ' 

. CUBE 3.'0,0'8)
GO TO 97

48 IF (NP.NE.14) GO TO 49
cALr syHBoL 12.25,6.86,0.11,'rff x No. 22'! ,0,0,10)
cÀLL SYMBOL ( 1, 90, 6. 58, 0, 1 {,' Lrr,rE : SÀND - 1 : 3', 0, 0, 1 5 )
cÀLL SYMBOL ( 2, 53, 6. 37, 0. 07,' LrHE BRÀND 8 

" 
0. 0, 1 2 )

cÀLL STHBOL (2,425,6.23,0.0?, | 28-DÀY SîRENGTH '! ,0. 0 , 1 5 )
CALL SyMBOL (2.60,6.09 ,0.07, ' 17. {X r'r.C, 

"0.0,10)CÀLL SvllBOL (2.7{'5.88'0,07"- CUBE 1"0.0'8)
cÀLL SyMBOL (2,74,5.14,0,07,'= CUBE 2"0.0,8)
cÀLL SYtilBoL ( 2. 7{, 5, 60, 0. 07,'. CUBE 3 r,0. 0,8 )
GO rO 97

{9 1F (NP.NE.15) cO TO 50
cÀLL SrM8oL (2.25,6.85,0.14,'HtX NO. 22',0.0,10)
cÀLL SyüAOL ( 2.6 0,6, 58 ,0. 1{ , ' REr'tr X 

" 
0.0 ,5 )

CALL SYXaOL ( 1 . 90,6, 30, 0. 1 4,' LrME :SÀND - 1 : 3 

" 
0. 0, 1 5 )

CALL SYMBOL ( 2. 53,6. 09, 0. 07,' LrHE ERÀND B 

" 
0. 0, I 2 )

CÀLL SYüBO' (2.285,5.95,0,07,'REMI'{ ÀGE ' l6 DÀYS',0.0,19)
CALL SyMBOr. (2,425,5,81,0,07,'28-DAY STRENGT¡{ 

" 
0. 0 , ',l 5 )

cÀLL Svt'rBoL ( 2. 60, 5, 67, 0. 0?,'',| 7. 3X H.C. 
"0. 

0, 1 0 )

CÀLL SvlrBOL ( 2 . 7 { 
' 

5 , 4 6 
' 

0 . 0 ? 
' ' 

- CUBE 1"0,0'8}
CÀLL SYI'IBOL (2,71,5.32,0,07 

". 
CUBE 2"0.0'8)

CÀLL SyMBOL (2.7 4,5,18 
' 
0. 07 

" 
. CUBE 3"0.0'8)

GO TO 97
50 rF (NP.NE.16) GO 10 51

cÀLL SylrBoL ( 2.25,6.85,0. 14, ' Hrx NO. 23"0.0,10)
CÀLL SY}TBOL ( 1, 90' 6, 58, 0, 1 4 

" 
LIME :SÀND . 1 : 2', 0. 0, 1 5 )

cÀLL SyMBOr. ( 2. 53, 6, 37,0. 07,', LrME BRÀND B" 0. 0, I 2 )
cÀLL SYHBOL (2,425 ,6.23 t0 ,07 , ' 28-DÀY STRENGTH' ,0. 0 ,1 5 )
cÀLL Syr'rBoL ( 2. 50, 6, 09, 0. 0?, ¡ 

1 6. 2X M,C. ,' 0, 0, 1 0 )

cÀLL sYl.lBoL ( 2, 7{, 5, 88,0, 07 

". 
CUBE 1 

"0. 
0' 8 )

cÀLL SYMBoL (2,14'5.74'0.07 
"- 

CUBE 2"0.0,8)
CÀLL SYITBOL (2.74,5,60'0.07 

". 
CUBE 3"0'0'8)
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LSIMPLOT "Computer Program No. 6"

3790, GO rO 97
3800. 51 rF (NP.NE.17) cO rO 9?
3810. CÀLL SyMBOL (2.25,6.86,0.14,'Mrx No. 23"0.0,10)3820. cÀLLSYMBOL(2.60,6.58,0.14;'REMrX"0.O,6)
3830. CÀLL Syl,tBOL (1.90,6.30,0.14;'LIME;sÁND : 1:2',0.0,1S)3840. CÀLL SYMBOL ( 2 . 5 3 , 6 , 0 9 , O . O 7 , , 

L I HE BRÀND B"O,ó,12i38s0. cÀLL syMBôL j?.?!!,!.??,9.9?,,REMrx ÀcE = í? DÁysi,o.0,1e)3860. cÀLL syMBoL (2.42S,5.81,0.0?,'28-DÀy STRENGTH ' , O , o i r s i ' -

38?0. cÀLL Syr.tBoL (?,90,?.61,0,0?,'15.8u u.c,"o.o,ró)3880. cÀLL SYMEOL (2.14,5,46,0,07,'= CUBE 1',0;O,gi3890. cÀLL syMBoL 12,14,s.32,0.07,'= cu¡e Z'io,O,ei3900, cÀLL syMBoL 12,i4,s,18,0.07;,= cuBE 3,;o.o;B)
3 910. C
3920. C lHE FOLLO'IING RECORDS HIIL PLÀCE THE SYMBOLS USED FOR3930. C PLOTTING THE DÀTÀ POTNTS ¡NTO THE LEGEND. ONE SYI,IBOL Í{ILL 8E3940. C USED FOR EÀCII D¡FFERENT CUAE.

3960. 9? rF (REM¡X.EQ.l ) cO TO 9839?0. cÀLL SYMBOL ( 2.635,5.915,0. O?, O, O, O, -1)3980. cÀLLsyuBoL(2,635,s.763333,0:0i,2,ó.0.-1)
3990. cÀLL SYMEOL ( 2 , 6 3 5 , 5 . 5 3 5 , O , 0 i , 3 , ó . ó , - 1 )4000. GO 10 99
4010, 98 CÀLL SyMBOL ( 2 . 6 3 5 , 5 . 4 9 5 , O . O ? , O . O . O . _ 1 )4020. cÀLL SYMBOL ( 2 , 6 3 5 , 5 , 3 4 3 3 3 3 , O . O i , 2 , ó . O . - 1 )4030. cÀLL SYMBOL ( 2 . 6 3 5 , 5 . 2 1 5 , O . O I , : , ó . ó , - I i4040. C
4050, 99 CÀLL PLOT (12.0,0.0,999)
4050. 100 coNTTNUE
4070. cÀtL PLOT (0.0,0.0,9999)
4080. sToP
4090. END
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G.7 COMPUTER PROGRÀM NO. 7 [25^ 27- 29 -- ÞÞ- 4?9-4ß01

Computer Program No. 7 performs the same job as Computer

Progran No. 3 bui is modified to be used for the lime-sand

nortar mixes. Modifications ¡{ere necessary primarily due to
the lor¡er stress-strain values obtained with the lime-sand

mortar mixes. This meant a reduction of the plot scales and

a reduction in the incrernent of calcuLating and plotting of
the best-fit curve. The defined best-fit curve is also dif-
ferent but can be easily changed as in Computer program No.

3. More details of this program can be obtained from the
description of Computer Program No. 3 and within the program

itself .
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LPLOT "CoÍlputer Program No. 7"

1O, / /D^Y7P2DB JOB 
",,T=1H,L=10,rE10,C=0l',RÀNDY 

ZÀpOlOTSKy 

" 
CLÀSS=F ,20, // MSGLEVEL=( 1,1)

30. /TROUTE PRINl SELF
40, ,/rD800 VPLOT
50. / / EXEC FORTHCLG,USERLTB=i SYS3.VprOTL¡B"S¡2E.256K
60. //FoRT.svsrN DD r
70. c
80. c
90. c

'IOO. C --- TI{IS IS THE PROGRÀM FOR BEST FIT PLOTTING ---
110. C --- LIME-SÀND HIXES ---
120. C
130. C
140, C
150. C I{HEÑ RIJNNING îH¡S PROGRÀM, THE FILES ÀND ITS ORDER OF
160, C SUBMTSSION IS ÀS FOLLOÍ{S:
170. C
180, C 1. LPLOT
190. C 2. NOFI T
200, c 3. "DÀTÀ FTLES'
210, C
220, C WHERE:
230, c
240, C f.PLOl - IS lHE NÀUE OF THIS PROCRÀM
250. C
250. C NOF¡T - lIÀS THREE RECORDS IN THE FORM ÀS FOLLOWS:
210 , C
280. c I.//GO.SYSTN DD r
290. C 2. 'NIJUBER OF SETS OF DÀTÀ''
300. c 3. fvÀLUE OF Mf
310. C
320 , c I{HERE:
330. c
340. C M ' THE NUt'l8ER OF CONSTÀNTS (C's)
350. C THÀT I{ILL BE USED IN PLOTÎING
360. C EÀCH OF THE BEST FIT CIJRVES.
3 70, C
380. C 'DÀÎÀ FILES" - HÀS THE FOR¡il ÀS FOLLOWS:
390. c
4OO. C 1. I'II XNO N N1 N2 N3 DÀY REMIX XSlARl MÀXIOO YMÀX DÀSH
410. C 2, X.1 Yl
{20. c 3, x2 Y2
430. C 4. I I

4{0. c s. I I

450. C N+t. X(N-l) v(N-1)
460. C N+2, Cl
4?O, C N+-, Ii¡80. c N+_. I¡¡90. C N+1+CN, CN
500. c
510 , C WHERE:
520, C
530, C MIXNO . îHE MIx Nlrl,l8ER
540. C N . rHE TOTÀL Nl,rì.{BER OF DÀîÀ POINTS POINTS
550. C N1 . THE NUI.IBER OF DÀTA POINTS FOR SPECIMEN NO. 1

560. c N2. ' No.2
570. c N3. " No.3
580. C DÀY . THE ÀGE OF THE MIX, IN DÀYS
590. C REl.l¡ X . r0¡ IF THE MIX wÀS MIXED TOGETHER FOR THE FIRSÍ TIME
600. C THE HÀRDENED ORIGINÀL I.IIX WÀS CRUSHED ÀND REI'I¡ XED
610. C XSTÀRT - THE EXPER¡MENTÀL CORRECÎ¡ON FÀCTOR 10 lHE X-VÀLUES;
620. C XSTÀRT IS POSIT¡VE ¡F IIOVTNG THE X-VÀLI,ES TO T1IE LEFî
630, C r.tÀx100 . (sEE DESCRI9TION BELO!{)
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LPLOT "Cor¡puter Prograñ No. ?"

640. C Y!,tÀX = THE MÀXI MUl4 Y-VÀLUE OBTÀINED IN À SET OF TESTS
650. C DÀSH = (SEE DESCRIPTIoN BELow)
650, C X&Y'S = THE DÀTÀ POINTS
670. C C_ = THE CONSTÀNTS OF THE BEST FIT EQUÀTION
680, C
690. C 1O SÀTISFY STÀTEMENT RULE OF ONLY USING ¡NTEGERS
7OO. C GREÀTER THÀN ZERO ÀND TO OETAIN ÀN INCREMENT OF O.OIX STRàIN
710. C (X-VÀLUES) $rEN PLOTTING THE BEST F¡T CURVE, r'r.ÀX100 rS
720, C DEF¡NED ÀS FOLI,OWS:
?30, c
?40. c MÀr100 = (MÀX sTRÀrN(U) - XSTÀRT + 0.01) r 100

760. C FROM THIS HOD¡F¡CÀTION TO THE I'tÀ:{I MUü STRÀIN VÀLUE, ONLy
770, C THE INTEGER PÀRî OF THE NTJUBER TS PUT INTO THE DÀTÀ FILE.
?80. C I.¡HEN PLOTTING IT WILL BECOME CLOSE ENOUGH TO THE MÀX¡ MIJM
?90. C STRÀIN VÀL.UE OBTÀINED IN À MIA. THIS I{ILL SÀT¡SFY THE
8OO. C INTEGER RULE OF À DO LOOP.
810. c
820. C FROM THE PROGRÀM THIS MOD¡FICÀTION COMES FROM:
830. c
840. c x(I) = ((R1/100.0) - 0.0f)
850. C
860, c THE'-0.01'rS NEEDED SO THÀT X rS EQUAL 1O ZERO FOR THE
8?0. C FIRST VÀLUE. THIS WILL MÀKE lHE BEST FIT CURVE PÀSS T¡{ROUGH
880. C T¡{E ORIGTN,
890. c
9OC. C MÀX1OO MUST BE DEFINED FOR EACH INDEPENDÀNT MIX.
910. C IN ÀDDITION, ¡T MUST BE PUT TNTO À DÀTÀ F¡LE ÀS ÀN
920. C INTEGER, NOT À REAL NIJI'IBER, TO SÀTISFY THE INTEGER
930. C RULES OF À DO LOOP.
9{0. c
950. C À CHECK WILL BE DONE NEÀR TI{E DEFINED FIjNCT¡ ON SO ÀS TO
960. C PREVENT THE AEST FIT CURVE HÀVING À NEGÀTIVE SLOPE AÑD À
970. C Y VALUE GREÀÎER ÎHÀN îHÀT OBTÀTNED ¡N À SET OF TESTS.
980. C À NEGÀTIVE SLOPE IS UNFÀVORÀBLE SINCE IT DOES NOT REPRESENT
990. C WHÀT HÀPPENED IN THE ÀCTUÀt IESTS.

1000. c
1010. C IF Tl{E HIX D¡D NOT HÀVE pEÀK LOÀDS FOR ÀLL OF THE CUBES,
1020. C À STRÀIGHî DÀSIIED LINE WILL BE DRÀIIN HORI ZONTÀLLY FROI'I THE
1030, C END OF lHE BEST FTT CURVE TO THE FÀR RIG¡.IT OF TI{E PLOT. THIS
1O{0, C DASHED LINE TIILL REPRESENT THÀT L,OÀDING WÀS CONT! NI'ED ÀFÎER'1050, c TH¡S CLrI-OFF POrNl, BUl NO PEÀr{ LOÀD OCCURRED. IT SHOUT,D 8E
1060. C NOTED THOUGH THÀT TI.IE PÀTH OF îHIS DÀSHED LINE DOES NOT
1070, C NECESSARILY REPRESENÎ THE ÀCTUÀL PÀTH TÀKEN DURING TI{E TEST OR
1080, C OF THE BEST FIT CURVE.
1090. C THIS DÀSHED LINE WILL NOT BE DRÀWN WI{EN THE VÀLT,E OF
1100. C "DÀSH" IS EQUÀL TO "0" (ZERO}. WHEN "DASH' IS EQUÀL îO
1110, C fl¡ (ONE), À DÀSHED T.INE I{ILL BE DRÀ}¡N,
1120. C
1130. C ÀT T¡{E END OF THE DÀTÀ FILE(S}, THE PROPER JCL MUST BE
11{0, C DEFINED IN ORDER FOR THE PROGRÀI'I 10 RUN.
1150, C
1160, C DT'E TO fHE LI}IITS ON THE DII{ENSTON STATEMENÎS THE
.1 170. C FOLT.OWING LIMIîS ARE DEF¡NED:
1180. C
1190. C 1) xRÂY_(_), YRÀy_(_)
1200, C I'IÀ]KIMUX ÀLLOWÀBLB NUI.IBER OF DÀTÀ POINTS PER
1210. C SPECIMEN REÀ¡) IN lS 71 - 2 . 75
1220. C
1230. c 2'' c(_)
1 2¿0. C I'IÀXIMIJI'I ÀLLOI{ÀBLE NI,MBER OF CONSTÀNTS
1250. C READ IN IS 10
1260, c
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1270, C
1280. C
1290, C
1300, c
13',10. C
1 320, c
1 330. c'13{0. c
1350. C
1360, c
1370, c
1 380. C
1390, c

3) x( ). Y( )
MÀXI Mlrlrt ÀLLOWÀ8LE STRÀIN rN THE TESTSIs (s002 - 2)/100 = 50

4 ) xNEr.¡_ (_)
Às FoR xRÀY_(_)

5) t{xDÀTÀ (_) , MyDÀTÀ ( _)
MÀXI MUI'I ÀLLOWÀBLE NU}IBSR OF DÀTÀ POIÑ1S
POINTS PER MIX PER M¡XED X ÀND Y
DÀTÀ ÀRRÀYS = 225

1400. C IN ORDER FOR THIS PROGRÀ}.I 1O RIJN SÀT¡ SFÀCTORY FOR DIFFERENT1410. c RTJNS, ONE HUSÎ ENSURE T¡{ÀT THE FOLLOHTNG rs DoNE:1420, C
1430, C À. CHECK TO SEE îHÀT îHE BÈST F¡T EQUÀTION ÀT THE FOLLOW¡NG14{0. C TWO (2) LOCÀÎIONS IS îI.IE ONE THÀi IS WÀNTED ÀND THÀi IHiY,1{50. C ÀRE BOTH THE SÀME:
1460, c
1410. C .1 . TN THE PLOTT¡NG SECTION ÀND1480. C
1{90. C 2. IN THE ÀDJUSTED COEFFICIENT OF MULTIPLE DETERM]NÀTION1500. C CÀLCULÀTION PÀRT.
1510. c
1520. C B. ÀDJUST TI{E DEVELOP À LEGEND ÀCCORDINGLY TO TÌ{E DÀTÀ OR SKIP1530. C OVER THIS PÀRî OF TI{E PROGRÂ¡{ 8Y À SIMPLE GO TO STÀTEMENI.1540. C
1550. c
1 550. C
1570. DTHENSTON tEUF(4000),
1 580. exR.Ayl (7?),yRÀy1 (77),xRAy2(77),yRÀy2 (7?).xRÀy3 ( 77) .yRÀy3(?? ) .

l??9. &c( 10 ),x( s002),y(s002 ),xNEwl ( 7? ) ,l{NEw2 ( 7i),xNEf{3( 7i)1600. REÀLMXDÀîÀ(225),MYDÀTÀ(225)
1q19. INTEGER DÀY,DÀsH,p1,p2,p3,p¡¡,p5,p6,Dp
1620. c
1630. C REÀD ÀND H¡TTE OUT THE NTJI.'BER OF PLOTS TO BE DRÀWN ÀND THE1640. C NUMBER OF CONSTÀNTS (C'S) THÀT ÀRE TO BE USED.1550. c
1qq9. REÀD (s'r) NoFIT,l'r,1670. HRITE (6.70) NOF¡T
1999. 70 FoRl.fÀr t, t, , / / / / / / | I ,lx, ' r¡{E NIJ¡.|BER oF pLor(s) rHÀr ,,1590. &'ÀRE TO BE DRÀWN rS"3X,I3)1700. WR¡TE (6,80) !r1710. 80 FoRüÀr (//////,tx,
1720. E'THE NUUBER oF coNsTÀNrs IN FoR THrs pRocRÀr{ Is,,rS)1730. DO 780 NF.l,NOFIT'1740, cÀLL PLOTS (rBUF,¿000)
1750, c
1760. C DEFINE SOI.IE CHÀRÀCTERI STI CS OF THE PLOî.1770. C

1?Cg. cÀLL PLor (0.0,-11.0,-3)
1?99, cÀLL PLor (0.0,2.062s,-3)
1800. cÀLL FÀCTOR ( '1 .0 )
1qi9. cÀLL Àxrs (0.0,0.0,'srRÀrN - x' , - 1 o , { . o , o . o , o , o , 1 . o )1q?9. cÀLL Àxrs ( 0. 0 ;0.0 ; ' srREss - psi,,rá,2.ó,so.o,olo,z!.ol
1830. c
1840, C DRA$¡ À RECTÀNGULÀR FRÀI.IE AROI,JND THE PLOT
1850. c1860. CÀLL NEwpEN (4)
1870. cÀLLRECT(-0.?5.-1.25.9.0.5,5.0.0.3)1880. cÀLL NEI{PEN ( .l )
1890. c
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1900. C REÀD ÀND WRITE OUT SOME BÀSIC ¡NFORMÀTION ÀBOUT TI{E U.AIERIÀL.1910. C
1??0. REÀD (5,*) M¡XXO,N,N1,N2,N3,DÀy,REUrX,XSTÀRT,MÀX1OO,yHÀX,DÀSH
1930. f{RrTE (6,90) Hrx¡¡o,DÀY
1940. 90 FoRMÀr ('1' ,//////,4x,1950. &'THTS IS THE PLOî PROGRÀM FOR MIX NTJMBER',3X,
1 960, er 3 ,3x , 

,ÀT THE' , 3X, t 2 ,3X, 'DÀy STRENGTH' )19?0. IF (REI'fIX.EQ.1) cO TO r'10
1 980. r¡Rr lE ( 6 , 100 )
1990. 100 FoR.¡tÀT (//////,tx, '¡HE FoLLor.¡r NG DÀTÀ Is FoR THE Mrx ,,2OOO. &'WI{EN ]Ts coMPoNENTS WERE CoMBINED FoR THE FrRsT III,IE')20'10. GO TO 130
2020. 110 wRrTE (6,120)
?939. 120 FORMÀT l//////,Ex, 'rHE FoLLOwrNc DÀrA rS FOR erHEN rHE 

"2040. &II{ÀRDENED ORIGTNÀL t.II XTI'RE f{AS CRUSHED ÀND REM¡XED')2050. 130 r.rRr TE (6,140) xsTÀRT
?960, 140 FORMÀT (//////,4x,'rHE VÀLUE OF xslÀRr REÀD rN rS"2070, &2X,F6.3)
2080. r.rRrTE(5,150)MTXNO,MÀr(100
2090, 150 FORr,ûî l//////,4;i.,
2f00. &,rHE VÀLUE OF MÀX100 THÀT HÀS REÀD IN FOR MIX Nu¡tBER,,I5,
21 10, &3x,'r s' ,3x, r 4 )
2120, t¡Rr TE (6,160) YMÀX

?139. 160 FoRMÀT (//////,AX,,'THE ¡.IIGHEST srREss rHÀT wÀs REÀcl.tED ' ,2140. &'DURING THE îEST HÀS' ,3X,F6,1 ,3X,'pSI')2150. rF (DÀSH,EQ,0) cO 1O 180
2160. r.rRr TE (6,170)
21?0, 170 FoRl,rÀr l//////,4r1,,DURIñG THE TEsrrNG,',
2180. &I THIS MIX DTD NOT HÀVE PEÀK LOÀDS FOR ÀLL OF THE SPECIMENS,')2190. GO TO 200
2200, 180 wRrTE (6,190)
2210, 190 FORMAT l//////,4x, 'DURTNG T¡.tE lESrrNc,',
2220. &I THIS MIX HÀD PEÀK I,OÀDS FOR ÀLL OF THE SPECI¡GNS.')2230. 200 !{RrlE (5,210) HTXNO,N
2240, 210 FoRr.ßT (//////,4x,
2250. &ITHE TOîÀL NIJI,IBER OT'DÀTÀ POINÎS REÀD IN FOR MIX NIJ}IBER 

"2260. er6,{x,'rs"r7)
2270, wR¡TE (6,220) N1 ,N2,N32280. 220 FoR}.rÀl (//////,4x,
2290. å'ÎHE N1JMBER OF DÀTÀ POINTS REÀD tN FOR SPECIMEN Nu}rBER ,1 =',2300. e1t,I3,//,t2x,, 'spEc¡MEN N1J¡i|BER 2 .' ,1X,f3,//,425,2310, e'spEcIMEN NUMBER 3."1X,I3)
2320. c
2330. C REÀD ÀND I{RITE OUT ?HE DÀTÀ POINTS FOR THE HIX.

2350. REÀD (5,r) (XRÀY1 (r),yRÀy1 (r),r.1,N1)
2360. REÀD (5,r) (xRÀy2(J),YRÀY2(J),.r.1,N2)
2370. REÀD (5,r) (xRÀY3(K),yRAy3(K),K.1,N3)
2380. C
2390. f¡rrrE ( 6,230 ) MrxNo,DÀY
2{00. 230 FORMÀr ('1' , / / / / / / / / ,3 2X, ' DÀîÀ POTNTS',//,30x,
2410. &f lllx N1JUBER | ,f5, / / ,29)t,t2,3X, ' DAy STRENGTH ' )2120, ¡F (RÐ'rrx.EQ.o) GO TO 250
2,¡30, wRrTE (5,2{0)
2440 , 2t0 FoRxÀT ( / ,35X, 'REMTX' )
24s0. 250 wRrTE(5,260)
2460. 260 FoRÌ'tÀT(//,4X,'DÀTÀ NUMBER' ,10X, 'X-VÀL[ES (STRÀrN-U )' ,10X,2470, & ' y-vÀLuEs ( sTREss-psr ) ' , / )2480. $rrlE ( 6,270 )2{90. 270 FORüÀT (/,{X,,SPECIMEN tfir}rBER 1"/)2500. r{RrTE (5,300) (r,xRÀyl(r),yRÀy1 (r},r.1 ,x1)
251 0, trRr TE (6,280)
2520, 280 FOR),!AT (//,{x,'SPEC TEN NrJl,tBER 2',/}
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2s39. wRrrE (5,300) (J,xRÀy2(J),yRÀy2(J),J=1,N2)
2540. wRrTE ( 5,290 )
2550. 290 FORMÀÎ (//,4X,'SPECTMEN NUMBER 3' .,/)
?!!9. -- - f,¡RrrE (6,300) (K,xRày3(K) ,yRÀy3(K),x=r,x:)2510, 300 FORMÀî (",7X,I3,'1?x,F10.3,19x,F10.1)
2580, C
2590, C ÀDJUST THE X-VÀLUES WITH XSTÀRT TO CORRECT FOR
2500. C EXPERIMENTÀL ERROR.
25'10. c
2620, DO 310 I=1,N1
2630, xNEf.¡1 (I) = XRÀy1(r) - XSTÀRT
2640, 310 CONTI NUE
2550. DO 320 J.l,N2
2660, XNEÍ{2(J) = ,rRÀy2(J) - XSTÀRT
2670, 320 coNl¡NUE
2680. DO 330 K=l,N3
2690. xxEw3(K) . xRÀY3(K) - XSTÀRT
2100. 330 CoNTTNUE
2710. C
2720, C WRITE OUT THE NEf.¡ ÀÞJUSTED X-VÀLUES ÀND ¡TS CORRESPONDTNG
2730. C Y-VÀLUES.
2140. C
2150. 9rR¡ TE (6,340) MTXNO,DÀY
2-719, 340 FORt'tÀÎ l' 1" / / / / /././ / ,2 7x, ' ÀDJUSTED DÀrÀ porNrs' ,//,30t1,2710. &'Mrx NuüBER"r5,//,29X,t2,3x,'DAy STRENGTT{')2780. rF {RE},trx,EQ.0) co To 360
2790. wRrrE ( 6,350 )
2800, 350 FORtrÀT (/,35X,'REMIr')
2810. 360 wRrlE(6,370)
?9?0. 370 FORI,ßT(//,¿X,'DÀTÀ N|Jì.|BER ' , 1 0X, ' X-VÀLUES (STRÀIN-X) 

" 
10X,2830. &'y-vÀLUES (STRESS-PSr )' ,/)2840. lfRr TE ( 6,380 )2850. 380 FORIÍÀT ( / , {X, ' SPEC 'íEN NUMEER 1' ,/l2860. r{RrTE (6,410) (I,XNEW1 (r ),yRÀyl(r ),r.1 ,N1 )2810, wRrTE ( 6,390 )

2880, 390 FOR.r'rÀT (//,¿X,'SPECTMEN NUMBER 2"/)
2890. r{RrTE (6,{10) (J,XNEW2(J),yRAy2(J),J.1,N2)
2900, r,rR¡ TE (5,{00)
2910. 400 FORr'rÀT (//,4X,,SPEC¡MEN N(,I,íEER 3' ,,/)2920. r.¡RrTE (6,¿10) (K,XNEir3(K),yRÀy3(K),K.1,N3)
2930. 410 FORXÀT (' , 

, 7X , I 3 , 1 7X , F 1 0 . 3 , 1 9X , F 1 0 . f )
2940. c
2950. C PLOT OUT THE À.DJUSIED DATÀ POINTS.
2960. c
2970, X}{EWI (N',t+l). 0.0
2980 . YRÀYl (N1+',1 ). 0.0
2990 , xNEr{'l (N 1+2 ). 1 . 0
3000. YRÀY1 (N1+2 ). 25.0
3010. c
3020. XNEW2 (N2+1). 0.0
3030. YRÀY2 (N2+1). 0.0
30¿0. XNEW2 (N2+2 ). 1.0
3050. YRÀY2 ( N2+2 ). 25.0
3060, c
3070, XNEW3 (N3+1 ). 0,0
3080. yRÀY3 (N3+l)G 0,0
3090. )dE¡{3 (N3+2 ). 1 .0
31 00. YRÀY3 (N3+2). 25.0
3110. c
3120, cÀLL LINE (XNEWI,yRÀy',l ,N1 ,1,-1,0)
31 30. cÀLL LINE (XNEI¡2,yRÀy2,N2,1,-1,2)
3140. cÀLLLTNE(XNEW3,yRÀy3,N3,1,-1,3)
3150. c
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3160. C REÀD ÀND }IR¡TE OUT THE CONSTÀNTS (C-VÀLUES).
31?0. C
3180. REÀD (5,*) (C(r),r=1,u)
3190, e¡RrTE (6,420) Mtxl¡o.DÀy
1?gg. 420. FoRMÀr .1.' 1', / / / / / / / i,1 1x,' c vÀLUEs,, / /,sx,, Mrx, NuHEER,,3210. &1X,t2,//,8t,t2,1x,'DÀy STRENGTH')3220, tF (REr,trx,EQ.0) co To 440
3230. wRrlE (6,430)
3240. 430 FORÌ'íÀT (/,13X,'RErírX')
3250. 440 r{R¡TE ( 6,¿50 )
3260. 450 FORI'IÀT (//,tx,'cl ) ' , 1 5x, ' VÀLUE ' , / )3270, r.¡RIrE (6,460) (r ,C(r ),r=t,M)3280. 460 FOR¡,1ÀT ( ' 0"4\,r2 ,.t2x,î12 ,71
3290. c
3300. C CÀLCULÀTE THE PLOTTING POINTS FOR THE BESî FTT CURVE.
3 310. C
3320. NSIM " 0
3330. DO 480 I=1,MÀxl00,1
3340. RI . I
3350. x(I) = ((Rr/100,0) - 0.01)3360, xTEMp . x(r) + XSTÀRT
3370. C
3380. C THE USER OF THIS PROGRÀM S¡{OULD TÀKE NOTE OF THE3390. c FoLLO!¡ING:
3400. c
3410. C 1) THE FUNCîION DEFINED ON THE NEXT RECORD OF THE3420. C PROGRÀM. THIS IS lHE FUNCTION OF THE BEST FIT3430. C CURVE THÀT I{ILL BE DRÀWN TI{ROUGI{ THE DÀTÀ3440. C POTNTS.
3450. c
3{60. C 2) THE NUMBER OF CONSTÀNT'S (C'S) REÀD INîO lHE34?0. C PROGR.ÀM MUST BE EQUÀL TO À.I.IOUNT DET'¡NED rN3480, c TI{t S F(NCTION.
3¿ 90. c
3500, C 3) oNE MUST uÀKE SURE THÀ? îHE coNsTÀNîs ÀRE REÀD
3510. C IN THE PROPER ORDER TO THE CORRESPONDING ONES3520, C DEFINED BY II.IE FT'NCTION.
3530, C
3540. y(t) = (C(1)) + (C(2)ixTEup) + ( C ( 3 ) * ( xTE¡,rpr * 2 ) )3550. c
3560. tF (r,EQ.1) co To 4?O
3570, rF ( y (r ) . LT. y ( r - 1 ) ) co ro {903580. rF (Y(¡ ).cr.YMÀx) co To 4903590. {70 NSUtit . NSUtil + 1

3600. 480 CONTI NUE
3610. c
3520. C LISÎ THE BEST FIT CURVE PLOTÎ¡NG VÀLUES.
3630. C
36¿0. ¡¡90 nRrTE (6,500) t(rxNo,DÀy
?q19, s00 FoR¡,rÀr (' 1, , / / / / / / / / ,24x,3650, e'BEST FrT CURVE PLOTTTNG VÀLUES"//,31X,'HrX ñt¡IBER"r5,3670. tl/,29x,12,3x,'DÀy STRENGÎH')3680. rF (REMIX.EQ.0) cO TO 5203690. f{Rr TE (5,510)
3700. 510 FORüÀT (/,35X,'RE¡.lrx, )3710. 520 e¡RrlE (6,530 )

1!?9, 530 FORI'tÀr (//,{x,'pLorrrNc NrntBER' , 1oX, , X-VÀLUES (SÎR¡rN-g),,
3730, &10X,'y-vÀLUES (STRESS-PSr ) ' ,/)?749, wRrrE (6,5{0) (r,x(r ),y(r ),r.1,Nsrr}r)
1199. s{0 FoR¡,tÀr (' ' , 9x , r 3 , 2 1 x , F8 , 3 , 2 2x ; F 7 . 1 )
3760, C
3770. C PLOT OUT THE BEST FIT CURVE.
3780. c
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3190. x (NSUlr+l)= 0.0
3800. Y (NSUM+1). 0,0
3810. x {NsuM+2)= 1.0
3820, Y (NSr.n{+2)= 25.0
3830, c
3840. CÀLL NEWPEN (8)
3850. cÀLLFLTNE(X;Y,-NSUM,1,0,0)
3860. rF (DÀSH.EQ.0) cO TO 550
3870. xÐÀsH - (x(NsrJM)/1.0) + 0.12
3880. YDASI{ = Y (NSrrM )/ 25. 0
3890. XEND = 4.0 - x)ÀSH
3900. cÀLL PLOT (XDÀSH,YDÀSH, -3 )
3910. CÀLL DÀSHP (XEND,0.0,0. 12 )
3920. cÀLL PLOT ( -XDÀSH, -yDASH , - 3 )
3930. 550 cÀLL NEÍ{PEN (1)
39¿0. c
3950. c ------ DEVELOP À TEGEND ------
3960. C
3970. C PUT MÀJOR ÀND I,IINOR INFORMÀÎ¡ON INTO T¡.IE LEGEND.
3980. c
3990. rF (NF.NE, r ) GO TO 551
¿000. cÀLL Syl.tBoL ( 2 , 2 5 , 6 . 16 , 0 . 1 4 , 

, MI A NO, 18"0.0,10)
4010. CÀLL SYMBOL (1.90,6.58,0.14,,LrME:SÀND = 1:6i,0.0,j5)4020, CALL SYMBOL (2.53,5.37,0.0?,,LIME BRÀND 8"0.0,f 2)¿030, cÀLL SyMBOL (2.t6,6.23,0.01, '?-DÀy STRENCTH, ,0. 0 , 1{ )4040. cÀLL SYMAOL ( 2.60,6,09,0.07, ' 19.02 M. C. , ,0.0,10 )4050. CÀLL SYMBOL ( 2 . 7 4 , 5 , 18 , 0 . 0 7 , ' . CUBE 1',0.0,8)
4060. CÀLL SYMBOL (2.74,5,14,0,07,'. CUBE 2,,0.0,8)
40?0. CÀLL SYMBoL (2.74,5.50,0.07,'. CUBE 3',0.0,8)
¿080. co To 500
4090. 551 rF (NF.NE.2) GO TO 552
4100, CÀLL SyltEOL ( 2 . 2 5 , 6 . 8 6 , 0 . 't 4 , ' Mr X NO, 19"0.0,10)
{1'10, cÀLL SYMBOL (1,90,6.58,0.14,,r,1M8:sÀ¡{D . 1:5¡,0.0,'1 5)4120. CÀLL Syl'rBOL (2.53,6.37,0.07,'LIME 8RÀND B"0.0,12)
4130. CÀLL SYMBOL (2.46,6.23,0.07, ' 7-DÀy STRENGTH ' ,0. 0 , r 4 )4140. CÀLLSYMBOL (2,50,6.09,0.07,'18.4UM,C,',0,0,10)
4150, cÀLL SYMBOL ( 2,74,5,8I,0.07, '- Cu¡e 1 ' ,0.0,8 )4160, CÀLL SYMBOL 12.74,5.14,0,07,'. CUBE 2',0,0,8)
4110, CÀLL SYMBOL (2.?4,5.60,0,07,'. CUBE 3',0.0,8)
¿ 180, co ro 600
{190, 552 rF (NF.NE.3) cO TO 553
{200. cÀLL SYMBOL ( 2 . 2 5 , 6 . 8 6 , 0 . 1 4 , , Mr X NO. 20''0.0,10)
4210. CÀLL SyXEOL (1.76,6.58,0.r4,'LIME:SÀND. 1:4,5"0,0,17)
4220. CÀLLSyt{8OL (2.53,6.37,0.07,'L¡MEBRåND8"0.0,12)
¿230. cÀr¡L syMBoL (2.¿6,6.23,0.07,'7-DÀy SîRENGTH' ,0 ,0 , 1 ¿ )4240. CÀLL SyltBOL (2.60,6.09,0.07,'18.1XM.C,"0.0,10)
4250. CÀLL SYIIBOL (2,7{,5.88,0.07,'. Cu¡e 1',0.0,8)
4260. CÀLL SYI.,EOL (2.74,5.7¿,0.0?,'. CUBE 2',0.0,8)
4270. CÀLL SYMBOL ( 2 . 7 4 , 5 . 6 0 , 0 . 0 ? , ' - CUBE 3"0.0,8)
{280, co To 500
4290. 553 IF (NF,NE,a) cO TO 55{
4300. cÀLL S$raoL (2.25,6,86,0.1{,'l.tlx No. 20"0.0,10)
4310. cÀLLSyHAOL (2.60,6.58,0,1{,,REM¡X',0,0,5)
4320. CÀLL SYMBOL (1,?5,6.30,0.1{,'Lt},rE:SÀND. 1:{.5"0.0,1?)
{330. cÀLLSyHBOL (2,53,6.09,0,07,'rrUEBRÀND8',0.0,12)
{340, CÀLL SyMaOL (2,285,5,95,0.07,'REI{IX ÀcE . 19 DÀyS,,0.0,19}
{350. cÀLL SyMBOL ( 2 . { 6 , 5 , I 1 , 0 , 0 7 , ' 7 -DAy SIRENGTH, ,0.0,1{){360, cÀLLSYMBOL (2,60,5,6?,0.07,,18.02M,C.',0,0,10)
{370. cÀLL SYIIBOL (2.7{,5.{6,0.07,'. CUBÊ 1' ,0,0,8)4380. cÀLL SYMBoL 12,74,5.32,0.07,'. CUBE 2',0.0,S)
¿390. cÀLL SyMEoL ( 2 . 7 { , 5 . 1 I , 0 , 0 7 , ' . cu¡e 3',0.0,8)¡¡¡100. cO To 600
{{10. 554 rF (NF,NE,5} cO TO 555
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4420. CÀLL SyMBOL (2.25,6,96,0,14,'Mrx No. 21',0.0,10)
4430, cÀLL SYMBoL fl,q?,q,!8,9.14,'LIME:sÀND = 1:3.65',0,0,18)
4440, CÀLL SYMEOL 12.53,6.37,0,07,,LIME 8RÀND 8,,0.0,f¿)4450. CÀLL Syr,tBOL (2,46,6.23,0.01,'7-DÀy STRENGTH ' , O. O , 14 )4460, CÀLLSYMBOL (2.60,6.09,0,0?;'17,82M.C."0.0;10)'
44?0. CÀLL SYMBOL (2.7{,5.88,0.07,'= CUBE t 

"O.O,Ai{{80. cÀLL SYMBOL 12,14,5,14,0.07,'= CUBE 2';O,O;8)
4490, CÀLL SyMBOL (2,?4,5.60,0.07¡,= CUAE 3' ,0,0;8)4500. cO TO 600
4510. 555 rF (NF.NE.6) cO TO 556
4520, CÀLL SYHBOL ( 2.25,6,86,0. r {,'MtX NO. 21 

" 
0.0,10 )

4 530 . CÀLL SyMBOL ( 2 . 60 ,6. 58 ,0 , 14 , 'REMIX, ,0 .0 ,5 )4540. CÀLL SyMBOL (1.69,6.30,0.1{,'LI}!E:SAND. 1:3,65,,0.0,18)4550. cÀLL SyMBOL ( 2 ,53 ,5. 09 ,0. 07 , 'L¡ME BRÀND B' ,0 .0 , 12 )4560. CÀLL SYÌ.íEOL (2,285,5.95,0.0?,'REHIX ÀcE . l9 DÀyS',0,0,'19){5?0. cÀLL Syl'fBoL (2.¡6,5.81,0.07,,7-DÀy STRENGTH' ,0, 0 , 1 { ){580. cÀLL SyMBOL (2.60,5,67,0,07,r 17.5X M.C, 
"0.0,10)4590. CÀLL SYMBOL (2.7A,5.46,0.07,'. CU¡s 1"0,0,8),t600. cÀLL SyMBOL 12,14,5.32,0.07,'. CUBE 2"0.0,8)

4510. cÀLL SyMBOL (2.?4,5.18,0.07,'= CUBE 3',0.0,8)4620, GO 10 500
4630. 556 rF (NF.NE.7) cO TO 55?
4640. CÀLL Syl.tBOL ( 2 . 2 5 , 6 . 16 , 0 , 1 { , ' I'tr x NO. 22',0.0,10)
4650. CÀLL SYMBoL (f.90,6.58,0.14,'LItlE:SÀND * 1:3',0.0,15)
{660. cÀLL SYMBOL ( 2 . 5 3 , 6 , 3 7 , 0 . 0 7 , ' LI ME BRÀND 8"0.0,12)4670. cÀLL SyMBOL 12,46,6.23,0,01,'7-DÀy STRENGTH ' ,0 ,0 , 14 )4680, CÀLLSyr,lBOL (2,60,6.09,0.07,'17.{XH.C."0.0,10)
4690. CÀLL SYMBoL (2.74,5.88,0.07,'. CUBE 1' ,0,0,8)4700. CÀLL SYHEOL 12,14,5.74,0,07,'- CUaE 2' ,0.0,8)4710. CÀLL SYüBOL (2,74,5.60,0.07,'. CUBE 3',0,0,8)4720, co 10 600
4730, 557 rF (NF.NE.8) cO TO 558
47 40. CÀLL SYMBOL ( 2.25,6.15,0,14, 'HIX NO. 22' ,0.0,10 )4750. CÀLLSYMBOL (2,60,6,58,0.14,'REMIX"0.0,5)
4760. cÀLL SYMBOL (1,90,6.30,0.14,'LIME:SÀND, 1:3"0,0,15)
4770, cÀLL SYMBOL (2,53,6.09,0.07,'L¡ME 8RÀND 8"0,0,12)
4780. CÀLL SYI,IBOL (2.285,5.95,0.0?,TREMIX ÀcE . 16 DÀYS',0,0,19)4190. cÀLL SYMBOL ( 2 . ¿ 6 , 5 . 8 1 , 0 . 0 7 , ' 7 -DÀy STRENGIH' ,0. 0 , 1{ )4800, cÀLLSyMBOL (2.60,5.67,0.07,'1?.3XM,C."0,0,10)
¿810. CÀLL SWBOL (2.74,5,a6,0.01,'. CUgp 1''0.0,8),1820. CÀLL SyMBOL (2.74,5.32,0.01,'' CUBE 2',0,0,8)¡¡830. CÀLL SytrBOL (2.7{,5,18,0,07,'. CUBE 3',0.0,8)
{8{0. co T9 600
4850, s58 ¡F (NF.NE.9) cO TO 559
{860, cÀLLSyMtOL (2,2s,6.86,0.14,'r,rrxNo. 23',0,0,10)
{870, cÀLL SYUBOL (1,90,6.58,0,1a,'L¡ME:SÀr¡D . ',1 :2"0.0,15)4880. CALL Syr.tBOL (2.53,5.37,0,0?,'LrME BRÀND 8"0.0,12)¿890. cÀLL Syl'fBoL 12.t6,6.23,0.07,'?-DÀy STRENGTH ' ,0.0 , 1{ ){900. cÀLLSYMSOL (2.60,6.09,0.0?,'16,2Xr,t.C.',0.0,10)
{910. CÀf¡L SyltBoL ( 2. ?{ ,5,8I ,0,07 , ' . cuBE 1 r ,0,0 ,8 )4920. CÀLL SYI,IBOL (2.7 4 ,5.7 4 ,0 ,07 , ' ' CUEE 2',0.0,8)
¿930, CÀLL SYllBoL (2.7{,5.50,0,07,'. CTIBE 3',0.0,8)
{9{0, co 10 600
49s0, 559 rF (NF,NE.10) cO TO 560
{960. cÀLL Syr{BOL ( 2 , 2 5 , 6 , 16 , 0 , 1 4 , ' Ètr ,r NO. 23"0.0,10)
{970, cÀLL SYMEOL ( 2.50,6.58 ,0. r ¿, ' REür x 

" 
0.0 ,5 )4980. cÀLL Syr{8OL (1.90,6.30,0.14,,LIHE:SÀND. 1:2"0.0,15)

4990. cÀLL SYMSOL (2.53,6.09,0.07,,L¡xE 8RÀND 8"0.0,12)
5000. CÀLL SyMEoL (2,285,5.95,0,0?,'REtlIx ÀcE . 17 DÀYS',0,0,19)
5010, CÀLL SyMBOL (2.{6,5.81,0.07,'7-DÀy SÎRENGTH' ,0,0, 1{ )
5920, CÀLL SYMAOL ( 2. 60 ,5,67 ,0. 07 , ' 15.8U M,C."0.0,10)
5030, cÀLL SYHBOL (2.7¿,5.¿6,0.07r'. CUBE 1',0,0,8)
5040. CÀLL SyMBoL (2,14,5,32,0.01,'' CUBE 2r,0,0,8)
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5050. CÀLL SYMBoL ( 2 . 7 4 , 5 . 1 8 , 0 , 0 ? , ' = CUBE 3',0.0,8)
5060. co ro 600
5070. 560 rF (NF.NE,11 ) cO TO 600
5080, cÀLL SY!{BOL 12,25,6,86,0,14,'H¡X NO. 1S',0.0,10)
5090. CÀLL SyltrBOL (1.90,6.58,0.14,'LIME:SÀND = 1:6',0.0,'15)
5100. cÀLLSyl.tBoL (2.53,6.37,0.07,'LTMEBRàND8"0.0,12)
5110. CÀLL Syr,tBOL (2.46,6.23,0,01,'?-DÀy STRENGTH ' ,0 . O , 1 4 )
5120. CÀLLSyMBOL(2.50,6.09,0.07,'19,0UM.C."0.0,10)
5f30. CÀr.L SyMEOL (2.74,5.88,0.07,'= CUgs 1' ,0,0,8)5140, CÀLL SvI'IBOL (2.74,5,74,0.07,'= CUBE 2',0.0,8)
5150, CÀLL syMEOL ( 2 , 7 { , 5 , 6 0 , 0 . 0 7 , ' - CUBE 3',0.0,8)
51 60. cO TO 600
5170. c
5180. C T¡{E FOLLO9IING RECORDS WILL PLÀCE THE SYMEOLS USED FOR
5.190. C PLOTTING THE DÀîÀ POINTS INTO THE LEGEND. ONE SYMEOL I{ILL BE
5200. C USED FOR EÀCH DIFFERENT CUBE.
5210. C
5220. 600 rF (REMTX.EQ,1) cO TO 610
5230. CÀLLSYMBOL(2.635,5.915,0.07,0,0.0,-1)
52{0. CÀLLSyr,rBOL(2.635,5.?63333,0,07,2,0.0,-1)
5250. CÀLLSYI'IBOL(2.635,5,535,0.07,3,0.0,-1)
5260. cO TO 620
52?0. 610 CÀLL SYI'IBOL ( 2 . 6 3 5 , 5 . { 9 5 , 0 . 0 7 , 0 , 0 . 0 , - 1 )
5280. cÀLL Syl'tBoL ( 2 . 6 3 5 , 5 . 3 { 3 3 3 3 , 0 , 0 ? , 2 , 0 . 0 , - 1)
5290. CÀLLSYMBOL(2.635,5.215,0.07,3,0.0,-1)
5300. c
5310. 620 CÀLL PLOT (12,0,0.0,999)
5320, C
5330. C ------ END OF PLOTTTNG ------
5340. C
5350, C
5360. C
5 3 ? 0 t C * r r * r* i * * * * * *r * ** r r ** r r r r r * rr r* * * * I r* r * r * r â * r r * * ** I ** * i* r *r*
5380. C * *
5390. c * r
5400. C * ADJUSTED COEFFICIENT OF I.IULTIPLE DETERMINÀTION
5410. C r
5{20. c * *
5430. C *r*rrrr***rr***i*it'rrrrrrtrrrrf*rrr*rairrrrr*rrr***rti*rr*ir*
54¿0. C
5{50, C
5460. C

54?0. C NOTES:
5{80. C
5{90. c
5500. c
5510. C
ss20. c
s530. c
5540. C
5550. C
5550. C

55?0. C
5580. C
5590. C

5600. c
5610. C

1) T¡{¡ S PROGRÀ¡.I FOR CÀT,CULAT¡NG THE ÀDJUSTED COEFFICIENT
OF MULTIPLE DEIERI,I¡NÀî¡ON I{ILL TÀKE TNTO ÀCCOT,NT ÀLL
THE DÄTA POINTS REÀD IN, UP TO ÀND INCLI'DING BOTH THE
r.rÀ¡tlMt t'r x ÀND y vÀLUEs. rT ¡s REur NDED THOUGH, THÀT
TIIE EEST FIT CURVE ¡S PLOÎîED JUST TO THE POTNT
ÀEFORE A NEGÀÎIVE SLOPE STÀRTS OR ÀFIER Y}IÀX ¡S
REÀCHED. THEREFORE THE BEST FlT CURVE I'TAY OR I'IÀY NOT
OF BEEN DRÀ[{N TO lHE llÀlt¡l'rulil X-VÀLUE DÀTÀ POINT.

2I FOR THE ÀIJUSTED COEPF¡CTENl OF }ruLTI PLE DETERT,IINÀTION
TO BE CORRECTLY CÀLCTJLÀîED, THE BEST FlT EQUÀT¡ON USED
IN TH¡S PART MUST tilÀTCH nlîH ÎllE ONE USED ÀBOVE
(sEE 'THE BEsr F¡T EeuÀTIoNh).

5620, C TRÀNSFER THE ÀRRÀyS XRÀY1 ,2,3 AND yRÀY1,2,3 TO ÀRRÀyS
5530, C MX,DÀTÀ ÀND IVÍYDÀTÀ RESPECTIVELY.
5640. C
5650. C
5560.
5670.

P1 .'l
P2rP1 + (N1-1)
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5580. DO 630 DP.P1 ,P25690, I . DP
5700. r'fxDÀTÀ ( DP ) = XRÂy1(r )
5710. ¡'YDÀTÀ(DP) = YRÀY1(¡)
5720. 530 CONT¡NUE
5730. P3 - P2 + 1

5740. P4 . P3 + (N2-1)
5750. DO 640 DP.P3,P4
5760, J.DP-N1
5770. MXDÀTÀ(DP). ARÀY2 (J )
5780. MYDÀTÀ(DP) - YR.AY2 ( J )
5? 90. 640 CONTINUE
5800. P5 . P4 + 1

s810. P6. P5 + (N3-1)
5820. Do 650 DP.P5,P6
5830, K=DP-N2-N1
5840. MXDÀÎÀ(DP) . XRÀf3 ( K )
5850. I'ÍYDÀTÀ(DP). YMY3 (K)
5860. 550 CONTr NUE

5880. C CHECR TO SEE IF THE TRÀNSFER OF THE ÀRRàYS WÀS
5890. C SUCCESSFULLY DONE BY WRIÎTNG OUl THE ÀRRàYS IiIXDÀTÀ ÀND MYDÀTÀ.
5900, c
591 0.. WR¡ÎE (6,660) MTXNO,DÀY
s920. 660 FoRr,lÀr (' 1' , / / / / / / / / ,32x, ' DÀrÀ po¡Nrs"//,30x,
5930. Ê'Mrx NU}{BER ' ,r5,//,29X,12,3X,'DÀy STRENGTH')
5940. rF (REHrX.EQ.o) GO TO 680
5950. WRrîE ( 6,670 )
5960. 570 FORMÀT (/,35X,'REMIX')
s970, 680 l{R¡TE (6,690)
5980. 690 FORI.{ÀT (//,26t, "'ÀRRÀy rRàNSFER CHECK"')
5990. r.rR¡ TE (5,700)
5000. 700 FoRl.tÀT(//,{x,'DÀTÀ NUÌ.íBER" l 0X,' X-VÀLÌ,ES (STRÀrN-X) 

" 
1 0X,

6010. &'y-vÀLUES (STRESS-pS¡ )' ,/)6020. wRrTE (5,710) (L,MXDAÎÀ(L),MyDÀîÀ(L),L'1,N)
6030. 710 FORr'rÀÎ (' ' , 7X , r 3 , 1 7X , F 1 0 . 3 , 1 9X , F 1 0 . 1 )
5040. C
6050. C DETER.ùIrNE THE ERROR Sul'r OF SQUÀRES
6060. c w¡TH RESPECT TO y - (SSEy).
6070. C
5080. c ----- "THE BEST FrT ÞQUÀTION" -----
6090. c
6100. SSEY . 0.0
6110. DO 720 NR.l,N
6120, XR2 . MXDÀîÀ (NR)
6130, yBF ' (C(1)) + (C(2)*XR2) + ( C ( 3 ) r (:{R2r r 2 ) )
51{0. DIFFE ¡ XYDÀTÀ (NR ) - YBF
61 50. ÀDIFFE ' ÀBS(DIFFE)
6160. ssEY. ssEY + ((ÀD¡FFE)r*2)
61 70. 720 CONTI NlrE
5180. C
6190. C DETERüINE THE TOTÀL SIJì.{ OF SQUÀRES
6200. c wrrH RESPECT 10 Y - (SSrY).
5210. C
6220. SSTY . 0.0
6230. stHY.0.0
6240, DO 730 NR¡1,N
6250. SIMY . SUUy + ¡ÍYDÀTÀ(NR)
6260. 730 CONTTNUE
6210, RN . N
6280. ÀvcY . srn{Y/RN
6290, Do 710 NR¡1 ,N6300, DTPFY . (lm)ATÀ(NR) - ÀVGv)
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5310. ÀDIFFY = ÀBS(DTFFY)
6320, SSTY = SSTY + ((ÀDIFFY)i*2)
6330. 740 coNlrNUE
6340. c
6350, C DEFINE THE R-SQUÀRED ÀDJUSTMENT FÀCTOR.
6 360. C

63?0. C THE PURPOSE OF THE R-SQUÀRED ÀDJUSTMENT FÀCTOR IS 1O
6380. C BÀLÀNCE THE COST OF USING MORE PÀRÀMEÎERS (À H¡GHER DEGREE
6390. C POLYNOI,IIÀL) ÀGÀ¡NST THE GÀ¡N IN R-SQUÀRED. SUCH THÀT, ÀS
6400. c oNE usEs À ¡IIGHER DEGREE POLYNOMINÀL ÀS À BEST Frl CURVE,
5410, C THE R-SQUÀRED I{ILL ÀLSO RISE.
6420. C

6430. RN = N
64{0. Rl'l = tl6450. ÀDJFÀC = (RN - 1.0)/(RN - ( R¡,t + 1.0))
6{60, c
6¿70. C CÀLCULÀTE ÀND WR¡TE OUl lHE ÀDJUSTED COEFFIC¡ENT OF
6480. C MULTIPLE DETER¡{INÀTtON (R-SQUÀRED),
6490. C
6500. R2 . 1.0 - (ÀDJFÀC * (SSEy/SSry))
5510, ¡F (REr'rrn.EQ.0) co To 760
6520. wRrTE (6,750) MTXNO,DÀY,R2
6s30. 750 FoRHÀÎ l' 1"////////////////,62t,'2"/,9t,
6540. &ITHE ÀDJUSTED COEFFICIENT OF MULTIPLE DETER¡'II NÀÎI ON (R )',6550, &' FOR MrX NUMBER' ,3X,¡2,i ,' ,//,4X, 'REMIX ÀT THE"3n,l2,3X;6560. &'DÀy STRENcTr.t, REr.ÀT¡vE To THE BEST FrT EeuÀTroNi,//,{Í,
6570, &'wHICH wÀS USED, rS:' ,3X,F10,7)6580. co ro ?80
6590. 760 wRrTE (6,770) M¡rNO,DÀy,R2
6500. 7?0 FoR¡.rÀr l' 1"/ / / / / / / / / / / / / / / / ,62x,,2"/ ,9'i.,5610. &'ÎHE ÀDJUSTED COEFFIC¡ENT OF MI'LIIPLE DETERMINÀTION (R )',6620, &' FOR I'lr ra NIJ}.'BER"3X,r2,',t,//,4r1,.AT THE"3A,r2,3X,
5630. &'DÀy STRENGTH, RELÀTrVE TO rHE BEST F¡T EQUÀTI ON i , // ,4X,6640, &'WHTCH r{ÀS USED, rS:',3X,F10,7)
56s0 , c
6660. ?80 CONTI NUE
6610. cÀLL PLOT (0.0,0.0,9999)
6680. s10P
6690. END
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G.8 COMPUTER PROGRÀM NO. 8 [25. 27]

Computer Program No. 8 performs the sarne job as Computer

Program No. 5 but is modified to be used for the time-sand

mortar mixes. Modifications vrere necessary due to the lower

stress-strain values obtained h'ith the lime-sand rnortar

mixes. This involved a reduction of the plot scal.es. More

details of this program can be obtained from the description
of Cor¡rputer Progran No. 5 and within the program itself.
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1 O. //LIHBRÀND JOB',,,T=1M,L=10,I=1 O,C=Oi,' RÀNDY ZÀPOTOTSKY',CLÀSS.F,
20, // MSGLEVEL.(1,1)
30, /TROUTE PRINT SELF
40, /rD800 vPlor
50. / / Exsc FoRTHCLG,USERLTB='syS3.vpLoTLrB',srzE=256K
50, //FoRT. sYsIN DD *
70. c
80. c

1OO. C --- THIS IS TI{E COMBINÀTION PLOTTING PROGRÀM ---
110. C --- LIME-SÀND I'íORTÀR MIXES ---
120, C
130. C
140. C
150. C f4HÀT THIS PROGRAI.I BÀS¡CÀLLY DOES IS THÀf tT DRÀI{S FROH ONE:60. C UP 10 SIX CURVES ON ONE SET OF ÀXES. ONE SUCH PLOî IS CÀLLED À
170. C COMBINÀTION PLOI. THE NIJUBER OF COMBINÀTTON PLOT(S) TO BE DRÀI{N
180. C rS DEPENDANT UPON THE VÀLUE OF NOCOHB, OF Î{I{ICH IS REÀD IN.
190, C
2OO. C THE ORDER OF FtLE SUBMISSION IS: LIMECOI.IB
210. C NOCOHB
220. C COMBDÀTÀ - ÍCOMBTNÀTÎON DÀTÀi'
230. C
240, C I{HERE: LIMECOMB = THE NÀME OF Tl{I S PROcRÀl.l
250. c
260. c NocoMB - HÀs THE FORl,r ÀS FOLLOHS:
270, c 1.//GO,SySIN DD *
280, C 2. 'NIJMBER OF COMBINÀT¡ON PLOT(S) THÀT ÀRE
290, C TO BE DRàWN - NOCOI'íB'
3OO. C 3. 'NI.'MBER OF CURVES TO ÊE DRÀÍ{N ON EÀCI.I
310. C COMBINÀT¡ON PLOî - NOCURVN

330. C COMEDÀTÀ - HÀS lHE FORH ÀS FOLLOf.IS:
340. c
350. C 1. MIxNO,lil,DÀY,REMIX,XSTÀRT,MÀX10,XLÀST,Yl,fÀX,DÀSH
350. C 2. C1
370. C 3, C2
380. c 4. I
390. C M+l. CM
400, c
410. C r.¡t{ERE:
420. C
¿30. C MIXNO = THE MIX NIÌ'IBER
440. C M. THE NI,MBER OF CONSTÀNî(S) USED FOR 

'HE 
BEST FIT EQUÀTION

{50. C DÀY . Tr¡E ÀGE OF THE ll¡X, IN DÀYS
460. C REMIX - '0' IF Tl{E }lIX l{ÀS HIXED IOGETHER FOR THE FIRST Tt I,lE
470. C . '1" IF THE HÀRDENED OR¡GINÀL l,lIX wÀS CRUSHED ÀND REIIIXED
480. C XSTÀRT . Tt{E EXPERIMENTÀL CORRECTION FÀCÍOR TO THE X-VÀLIES;
{90. C XSTÀRT IS POSITIVE ¡F MOVING THE X-VALIJES 10 THE LEFT
5OO. C MÀX'10 . (SEE DESCRIPTION EELOW)
510. C XLÀST = THE HÀxI Mttl.l x-vÀLUE OBTÀINED DUR¡NG THE BEST FtT PLOIIING
520. C Yl.{ÀX . Y-VÀLUE
530. C DÀSI{ . (SEE DESCRIPTION 8ELO9I)
540. C C- . THE CONSTÀNT(S) OF THE BEST FIT EQUÀTION
550. C
560. C ¡T SHOULD BE NOTED HERE THÀT LINES 1 10 M+l ARE TO BE REPEÀTED
5?0. C THE SÀTiIE NIJI,IBER OF TIMES (UP TO À T.NXTMIJI.I OF SIX) ÀS îHE NIJMSER OF
580, C CURVES THÀÎ ÀRE TO BE PLOTTED ON EÀCH COMBINÀTION PLOT.
590. C
600. c ÀLso, THE NUUBER AND THE coRREspoND¡NG coNsTÀNT(s) ¡tusT HATCH
610. C THOSE DEFINED FOR EÀCH CURVE DR¡WN ON ÀNY COHBINÀTION PLOI.
620. c IF r.toRE ÎHåN ONE COI'iB!NÀTrON PLOT IS TO BE DRÀI{N, THEY }[rST ÀLL BE
630. C STMILÀR TN NÀTURE DUE TO THE DEF:ÑED BEST FIT EQUÀTTON(S) FOR



4f3

LIMECO¡IB "computer Progran No. 8"

640. C EÀCH OF THE CURVE(S).
650. C

660. C TO SÀTISFY THE ''DO.' STÀTEMENT RULE OF ONLY US¡NG INTEGERS
6?0. C GREÀTER THÀN ZERO ÀND 10 OBTÀIN ÀN INCREMENT OF O.1Z STRàIN
680. C (X-VÀLUES) WHEN PLOTTTNG THE EEST Frl CURVE, MÀX10 rS
590. C DEFINED ÀS FOLLOHS:
700. c
?10. c }lÀx10 . (MÀx sTRÀ¡N(z) - xsTÀRT + 0.',1 ) i 10
720. C
730. C FROl.t THIS MODIF¡CÀTION TO THE l.lÀXI MIJM STRÀIN VÀLUE, ONLy
740. C THE INTEGER PÀRT OF THE NUUBER IS PUT INTO THE DÀTÀ FTLE,
?50. C IN ORDER 1O SÀT¡SY THE TNTEGER RTJLE OF À DO LOOP.
?60, C I{HEN PÍ.OTTING IT I¡ILL BECOME CLOSE ENOUG¡{ TO THE I,IÀXI MIJI'I
770. C STRAIN VÀLUE OBTÀINED IN À I'IIX. TI.IE LAST DÀTÀ POINT PT.OTTED
780. C DURING TI.IE BEST FIT PLOTTING 9IILL BE OBTÀINED I.II TH THE USE
?90. c oF xLÀsT.
800. c
810. C FROI,I THE PROGRÀI.I TI{¡ S I'IODIFICÀTION COHES FROH:
820. C
830, c x-(I) = ((R-l10.0) - 0.1)
840. C
850. c THE '-0.',1 'IS NEEDED SO 1¡{Àî X IS EQUÀL TO ZERO FOR THE
860. C FIRST VÀLUE. 1I{IS I{ILL MÀKE ÎIIE BEST FIT CURVE PÀSS THROUGH
870. C lHE ORrGrN.
880, C
890. C MÀX1O MUST BE DEF¡NED FOR EÀCI{ INDEPENDÀNT MIX.
9OO. C ÀGÀIN, I1 MUSî BE PUT INTO À DÀTÀ FILE ÀS ÀN
910. C INTEGER, NOT À REÀL NTJMBER, TO SÀTISFY THE INTEGER
920. C RULE OF À DO LOOP.
930, C
940. C À CHECK WILL BE DONE NEÀR THE DEFINED FI'NCTION SO ÀS TO
950. C PREVENT THE BEST F¡T CURVE HÀV¡NG À NEGÀîIVE SLOPE ÀND À
960. C Y VÀLUE GREÀîER THÀN îHÀT OBTÀINED DURING THE BEST FIT PLOTT¡NG.
970, C ÎHTS IS DONE ¡{ITH THE USE OF YI{ÀA ÀS DEFINED ÀBOVE,
980. C À NEGÀTIVE SLOPE IS I,'NFÀVORÀBLE SINCE ¡T DOES NOT REPRESENT
990. C T¡¡IÀT HAPPENED TN THE ÀCÎUÀL TESIS.

1000, c
10,10. C IF T¡IE MIX DID NOT HÀVE PEAK T,OADS FOR Àf,L OF FI{E CU8ES,
1020, C À STRÀIGHT DÀSIIED LINE WILL 8E DRÀI{N HOR¡ ZONTÀLLY FROIiI THE
1030. C END OF THE BEST FIT CURVE TO THE FÀR R¡GHT OF THE PLOT. îHIS
1040, C DÀSHED L¡NE I{ILL REPRESENT FHAT T,OÀI)ING I{ÀS CONTINUED ÀFTER
1050, C THIS CUT-OFF POTNT, BU¡ NO PEÀK LOAD OCCURRED. rT SHOULD BE
1060. C NOTED THOUGH THÀT THE PATH OF THIS DÀS¡{ED L¡NE DOES NOT
1O?0. C NECESSÀRILY REPRESENT THE ACTUÀL PÀTH ÎÀKEN DI'R¡NG THE TEST OR,1080. C OF lHE BEST F¡T CURVE.
1090. C ÎHIS DÀSHED L¡NE I{ILL NOT BE DRÀ9IN I{IiEN THE VÀLI'E OF
1100, C "DÀSHN TS EQUÀL TO'0" (ZERO). HHEN "DÀSH" ¡S E9UÀL TO
1',1 10. C i1i (ONE), À DÀSHED LINE r{tLL BE DRÀ¡{N.
1120. C
1130. C A LEGEND I'IÀY BE INSERTED ÀT THE END OF EÀCH COI.IBINÀT¡ON
11¿0. C PLOT(S) 8Y TNSERÎING lHE PROPER "CÀ!L STUBOLi STÀîEI{ENîS Aî THE
1150. C E¡fD OF THE OUTER DO LOOP.
1 150. C
1170. C À1 fllE El¡D OF THE DÀTÀ FILE(S), lHE PROPER JCL llusl BE
1180. C DEFINED IN ORDER FOR THE PROGRÀI.I 10 RUN.
1 190. C,I2OO. C DUE TO THE LIMITS ON THE DII.IENS¡ON STATEI.IENTS lHE,12,I0. C FOLLOWING LII.IITS ÀRE DEFINED:
1220, c
1230. c 1) c( )
1240. C MÀX_IMI,I.I ÀLLOWÀBLE NUMBER OF CONSTÀN¡(s )
1250. C PER PLOTîED CURVE TS 'IO
1250. C
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1270. c 2) x_(_) ,Y_(_)
1280, C MÀX¡ I'ÍIJU ÀLtOTIÀBLE NUUEER OF PLOTTING DÀîÀ POTNTS
1290, c PER CURVE Is 502 - 2 . 500
1300. c
1310. C

f 320. c
1330. DTMENSTON rBUF(4000),
1340. &C(10),xl(502),y1(s02),X2(502),y21502),x3(s02),y3(s02),
1350. &x{(502),y4(s02),x5(502),y5(502),x6(s02),y6(502)
1 360. INTEGER DÀY, REMIX
1370. C
1380. C REÀD ÀND III]TE OUT THE NUI'IBER OF COMBTNÀTION Pf,Ol(S) ÀND THE
1390. C NUMBER OF CURVE(S) PER PLOT THÀT ÀRE TO BE DRASIN
1{00. c
1410, REÀD (5,*) NOCOI''B,NOCURV
1420, WR¡ÎE ( 6,50 ) NOCOMB
1¿30. 50 FoRMÀT ( ' 1 ' , / / / / ,4x ,' ,rHE NUMBER oF COMBTNÀÎION PLOT(S) ',1440. &'¡THÀT ARE TO BE DRÀWN IS',3X,¡3)
1450. WRrTE (6,60) NOCURV
1460. 60 FORMÀî l////,4x, 'rHE NUMBER OF CURVE(S) TO 8E DRÀWN ON 

"14?0. &'|EÀCt{ PLOî tS"3X,I3)
1480, C
1490. DO 610 NC=1,NOCOMB
1500. cÀLL PLOTS (rBUF,4000)
1510. C
1520. C DEFINE SOME CI{ÀRÀCTERI STI CS OF THE PLOT
1530, C
1540. CÀLL PLOÎ (0.0,-11,0,-3)
1550, CÀLL PLOT (0.0,2.0625,-3)
1560. CÀLr, FÀCTOR (1.0)
1570. CÀLL ÀXrS (0.0,0.0,'STRÀrN - Z ' , - 1 0 , { . 0 , 0 , 0 , 0 . 0 , 1 . 0 )1580. CÀtL ÀXrS ( 0. 0 ,0. 0 , ' STRESS - psr,,12,?.0,90.0,0.0,25.0)
1590. C
1600. C DRÀW À RECTANGULÀR FRåME ÀROUND THE PLOÎ
1610. C
1620. CÀLL NEÍ{PEN (4)
1530, CÀLLRECT(-0.75,-1,25,9.0,5.5,0.0,3)'1640, cÀLL NET,|PEN ( 1 )
1650. C
1660, DO 590 NcURv.l ,NOCURV
1570. C
1680. C REÀD ÀND WRIÎE OUT SOME BÀSIC TNFORI'IÀTION ÀBOUT THE I'I¡ X
1690. C't700. REÀD (5,r) HIxNO,t{,DÀY,REM1x,XSTÀRT,r.n(10,XI,AST,yr{Jlx,DÀSIJ
1?10. C
1720, f{RrTE (5,70) r{rXNO,DÀY
1?30. ?0 FORMAT I ' 1 ' , / / / / / / , rt1 ,'1?{0. Ê'THIS IS îHE LItttECOltB PROGR¡I.i INFOR¡IATION FOR I'llX Nlrl'IBER',3X,
1750. &I3,3X,'ÀT THE ', ,3!r, r 2,3X, ', DÀy STRENGÎH')
1760. Î{RI lE (6,80) I'|¡XNO,M
1770. 80 FORÌ'{ÀT ll/////,[X,"îHE Nr'l,rBER OF CONSTÀNT(S}-ùi REÀD rN FOR 

"r?80. &'|Hrx NlJr'rBER,,3x,¡3,3x,'¡s"3x,¡3,3x)
1790. rF (RE¡[X.EQ.1] GO TO 100
1800. f{RrTE ( 5,90 )
1810. 90 FOR.r.hr ll/////,4r1,"rH8 FOLLOWTNG DATÀ rS FOR THE M¡X | ,1820. &.I{HEN IlS CoMPONENIS ¡{ERE COUBINED FOR THE FTRST T¡I.{EI )
1830. cO r0 120
1840. r 00 HRrTE (5,110)
1850. 1',j0 FORr,lÀr (//////,4X,,'1HE FOLLOT{¡NG DArÀ rS POR i{HEN THE 

"1860. &'I{ÀRDENED ORIGINÀL MIXTURE I{ÀS CRUSHED ÀND REMIXED')
1870. 120 wRrTE (6,130) XSTÀRT
1880. 130 FORr,rÀT (//////,|X,,'THE VÀLUE OF XSTÀRî REÀD rN rS"
1890, &2x, F6.3 )
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1900. Î{R r rE (6,140) MTXNO,HÀX10
1910, 140 FoRMÀr (//////,4x,
1920. &'THE VÀLUE OF MÂX10 THÀT r{ÀS REÀD IN FOR MIX NUI,iBER"I5,
1930. &3X,'rS"3X,r¿)
1940. WRrrE (5,150) XLÀST
1950. 150 FORMÀT I//////,4X,'ÎHø I{IGHEST STRÀIN THÀT I{ÀS REÀCHED ',1960. &TDURTNG THE BEST FrT PLOIlrNG r S , , 3A , F 7 . 3 , 3X , ' U' )
1910. r.¡Rr rs (6,160) vl'rÀ8
1980. 160 FoRllÀT l//////,4?,, 'THE I{IGHEST sTREss THÀT wÀs REÀcr{ED ',1990, &'DURING THE BEST F¡T PLOTIING tS"3X,F6.',1 ,3X,'pSI ,)
2000.
2010.

IF ( DÀS¡.r. EQ.0 ) GO TO 180
wRtrE (5,170)

2020, 1?0 FORl.tÀT (//////,4X, 'DUR¡NG THE TESTTNG,,,
2030. &' 1I{IS MIX DID NOT HÀVE PEÀK LOÀDS FOR ÀLL OF lHE SPECIMENS.')2040. co ro 2002050. 180 wRrTE (6,',190)
2060. 190 FORMÀT (//////,4X,'OtrR¡NG THE TESTTNG,',,
2010, &' TIITS MI't I{ÀD PEÀK LOÀDS FOR ÀLL OF THE SPEC¡MENS.')
2080. c
2090, C REÀD ÀND Í.IRI TE OUT THE CONSTÀNTS (C-VÀLOES)

00. c
0. 200 REÀD (S,*¡ 1a,t ),I"1,1r)

20. c
30, wRrTE (6,210) MTXNO,DÀY
40. 210 FOR}rÀr l'1.'////////,11x,'C vÀLUEs" //,gx,',Mrx NUMBER"
50. e1x,Í2,//,8X,12,1X,'DÀy STRENGTH')
60. rF (REMIX,Eo.o) GO TO 230
70. wRrTE (6,220)
80. 220 FORHÀT ( / , 1 3X , ' RE!.f r X ' )
90. 230 r.rRr rE (6,2{0)ióõ: ãiõ Ëðm'rir'ii7,ií,'cr r ' , r 5x, ' VÀLUE' , / )210. WRITE(6,250) (r,C(r),r-1,tr)

220, 250 FOR},IÀI('0', , ¿X , ¡ 2 , 1 2X , F 1 2 . 7 )
230. C
2{0. C CÀLCULÀTE THE BEST FIT CURVE PLOTTING POINTS - CURVE NO. 1

250. c
260. rF (NcuRv,NE.l) Go To 3{0
270. NStñ11 . 0
280, Do 260 I-'1 ,¡{Àx10
290 , Rl =l300. x1 (¡). ((RI/10.0) - 0,1)
10. rF (Xl(r ).GE.X!ÀST) cO TO 270
20. xTElilP = X'1 (I) + XSTÀRT

380.
390.

330. Yl (I). (c(1)) + (c(2)*r{TEHP) + ( c ( 3 ) r ( xTE}rP' * 2 ) )3¿0. &(c(4)r(xrEr{Prr3))
350. rF (vl(r ),GT.nrÀx) Go ro 270
350. NSIJMI . NSlrNl + I
70. 260 coNlINt E

270 x1 (NSr,rM1 + 1) r XLÀST
XLTEI.IP ¡ XIÀST + XSTÀRT
v1(NStl,t1 + 1). (C(1)) + (C(2)*aLlEMP) + (C(3)*(XLTEr.rPrr2))

& (c ({ ) r (XLTEMPrr3 ) )
NSIJM1 .NSUN1 + 1

C L¡Sî lHE BEST FTT CURVE PLOTÎING VÀLUES - CURVE NO. 1

2{00.
2410.
2420 ,
2430.
2440,
2¿50,
2460, HRrrE ( 5,280 ) MTXNO,DÀY
2470, 280 FOR¡'fÀr l'1' ,////////,2rx,2480. e'BEST FIT CURVE PLOIT¡NG VALUES"//,3lX,'t'trx NullBERr,I5,
2490, È/ / ,29x,12,3x,' DÀy STRENGTH', )2500, rF (RE!rrx.EQ.0) GO TO 300
2 510. r{Rr lE (6,290)
2520. 290 FORr,rÀT (/,35X,'REllrX' )
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2530. 300 e¡RrrE (6,310)
2^?!9. 310 FORì,rÀT ( // , {X, ' PLOTTT NG NT.JMBER',f Ox,'x_vÀLuEs (sTRÀ¡N_ ),,2550. &10X,'y-vÀLUES (STRESS-PSr )' ./)
?!q9. r.¡Rr lE (6,320) ( r , x 1 ( r ) , y 1 ( r i , r = 1 , NsuHl )2179, 320 FORIrÀr (, 

"9x,r3,21x,¡9.¡,2áx,rí.ri2580. C

2590. C PLOT OUT lHE BESî FfT CURVE - CURVE NO. 12600. c
2610. X1 (NSUM1+1)= 0.0
2620. Y1 (NSUH1+f ) = 0.0
2630, x1 ( NsLrMr +2 ) = 1.0
2640. Y1(NsLrMr+2)= 25.0
2550. c
2660. cÀLL NEHPEN ( I )2670, cÀLL FLINE (xt,y.1 ,-NsuMl ,t,o,O)2680. ¡F (DÀS¡t.EQ.0) cO TO 3302690. XDÀSH = ( t t ( NSrJMf ) / t , O ) + 0.122700, yDÀsH = Y1 (NSUM1 )/25.02710. AEND È 4.0 - XÐÀSH
2120. cÀLL PLOT (XDÀSH, yDÀSt{, -3 )
2? 30. cÀLL DÀsHp (XEND,0.0,0.12)
2740, cÀLL pLor ( -x¡ÀsH , -yDÀsH, - 3 )2150. 330 CÀLL PLOT (0.0,0,0,3)
27 60 . CÀLL NEHPEN ( 1 )2770, co To 590
2780. c
2190. C CÀLCULÀTE TI{E EEST F¡T CURVE PLOîTING POINTS - CURVE NO. 22800. c
2810, 340 rF (NcuRv.NE.2) Go ro 3902820. NSW2 = 0
2830. DO 350 J=l,MÀX10
2840. RJ'J
28s0. x2(J) = ((RJ/f0.0) - 0.1)2860, rF ( x2 ( J ) . cE, xLÀsT ) co To 3602870, tTEMp = x2(J) + XSTÀRî2880, y2(J) = (c(1)) + (c(2)*xTEtrp) + ( c ( 3 ) * ( xTEtrpr * 2 ) ) +2890. &(c({)*(XTEMP**3) )2900. rF (y2(J).cr.yMÀx) Go ro 3602910. NSIM2 . NSUü2 + 1

2920. 350 coNT¡ NUE
2930. 360 x2(NStM2 + 1). XLÀST2940, XLTEMP . XLÀST + xsTÀRT2950. y2(Nsuu2 + 1) . (c(1)) + (c(2)ixlTEr,rp) + (c(3)*(xLTEMpr*z))
2960. &(c({)r(XLTEMPT*3) )2910. NSlrM2 . NSUH2 + 1

2980, c
2990, C LIST THE BEST FIT CURVE PLOTîING VÀLUES . CURVE NO. 23000, c
9910, wRrrE (6,280) MrxNO,DÀY3020. rF (nEMrx.EQ,o) co To 3?o3030. wRrTE (6,290)
3040. 370 wRrTE (6,310)
1919, r,rRrrE (6,320) (J,x2(J),y2(J),J.1,NsnM2)
3060. c
3070. C PLOT OUT TIIE EEST FIT CURVE - CURVE NO. 2
3080. c
3090 , x2 (Nsul.t2+1 ). 0.0
31 00. Y2 (NSUrtr2+1 ). 0. 0
3 l 1 0. x2 (Nsul,t2+2 ). 1 ,03120. Y2(NSUr.l2+2).25,0
3130, c
31{ 0. cÀLL NEi{PEN ( I }3150. CALL FLINE (X2,y2, -NSux2,1 , O, O )
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3160. ¡F (DÀSH.EQ.0) cO TO 380
3170. XDÀSH = {X2 (NSUt'r2 )/1 .0 ) + 0.12
3180. YDÀSH = Y2(NSUU2)/25,0
3190, XEND = é.0 - XDÀSH
3200, cÀLL PLOI (XDÀSH,YDÀSH, -3 )
3210. CÀLL DÀSHP (XEND,0.0,0.12)
3220, CÀLL PLOT ( -XDÀSH, -YDÀSH, -3 )

3230, 380 CÀLL PLOT (0.0,0,0,3)
3240, CÀLL NE9¡PEN ( 1 )
3250, GO TO 590
3260, C
3270. C CÀLCULÀîE TI{E BEST FIT CURVE PLOTT¡NG POINTS - CURVE NO. 3
3280. C

3290. 390 rF (NCURV,NE.3) cO TO 4{0
3 300. NSI,JM3 . 0
3310. Do ¿00 ¡(.1,H4t10
3320. RK=K
3330. x3(K) . ((RK/10,0) - 0.1)
3340. rF (X3(K).GE.XLÀSÎ) GO TO {10
3350. xTEr,rP = x3(K) + xsTÀRT
3360. y3(K) . (c(1) ) + (c(2)rxTEMp) + (c(3)*(xTEMp*r2)) +
3370. &(c (4 )* (XTEHP**3) )
3380. rF (Y3(K).GT.YMÀX) cO TO 410
3390. NSUÌ'|3 = NSUU3 + 1

3400. 400 CONTI NUE
3410. 410 x3(NSLM3 + 1) . XLÀST
3420. XLTEMP = xLÀsT + XSTÀRT
3430, Y3(Nsur.r3 + 1) = (c(f)) + (c(2)*xLTEMp) + (c(3)*(xLTEMp**2) ) +

3440, & (C (4 ) * (XLIEHP*r3 ) )
3450, NSUM3 . NsUu3 + 1

3460. C
34?0. C LTSî î.IE BESî FIT CURVE PLOTTING POINTS - CURVE NO. 3
3480. C

3{90. erRr TE (6,280) MTXNO,DÀY
3500. IF (REMIX.E9.0) GO TO {20
3510, WRrlE (6,290)
3520. 420 wRrTE (6,310)
3530. r{RrTE (6,320) (K,X3(K),y3(K),K=1,NSUì'í3)
3540. C

3550. C PLOT OUT THE BEST FIT CURVE - CURVE NO. 3
3550. c
3570. X3 (NSUü3+'1 ). 0,0
3580. Y3(NStM3+1)= 0.0
3590, x3(NSUM3+2)' 1.0
3600. Y3 (Nst l,l3+2 )- 25,0
3510. C
3620, cÀLL NEi{PEN(8)
3630, CÀLr. FLINE (X3,y3, -NStrü3,1 ,0,0 )
3640. ¡F (DÀSH.EQ.o) GO TO ¿30
36s0. xDÀsH . ( x3 ( NSL¡I'|3 ) / 1 . 0 ) + 0,12
3660. YDÀSH. Y3 (Nsur.r3 )/25.0
3670. xrND ' {.0 - XD^SH
3580. cÀLL PLO! (XDÀSH,yDÀSH, -3 )
3690. CÀrL DÀSHP (XErfD,0,0,0.12)
3700. CÀLL pLOl (-XDASH,-YDÀSH,-3)
3710, {30 CÀLL PLOÎ (0.0,0.0,3)
3720, CÀLL NETPEN ( 1}
3?30. GO 10 590
37{0, C
3750. C CÀLCI'LÀTE THE BEST FIT CURVE PLOîTING POINTS - CI'IRVE NO. 

'3760. C
3710. ¡tao IF (NCURV,NE.{) cO TO 490
3780. Nsttt¿ ¡ 0
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3790, DO 450 L=1,¡'fÀXl0
3800. RL:L
3810. x4(L) = ((RL/f0.0) - 0.1)
3820. ¡F ( X4 ( L ) . GE. XLÀST ) cO TO 460
3830. XIEMP = X{(L) + XSTÀR!
3840. y4(L). {C(1)) + (C(2)*XTEr,fp) + (c(3)*(xTEMp*r2) ) +3850. Ái(C({)*(XTE}{P**3) )
3860. rF (Y¿(L),GÎ.YMÀX) cO TO {60
3870. NSLI.I{ r NSUl'rA + 1

3880. 450 CONTTNUE
3890. 460 x{(NSLM{ + 1) =XLÀST3900. XLTEIiIP = XLÀST + XSTÀRT
3910. yé (Nsljr,l4 + 1) . (c(1)) + (ç(2¡*¡¡1EHp) + (C(3)*(XLTE¡,apr*2)) +3920. &(c({)r(XLTEHP*r.3) )
3930. Nsr.n't{ . NStDr¿ + 1

3940. C

3950. C L¡ST THE BEST F¡Î CI,'RVE PLOTTING POINîS - CURVE NO. 4
3960. C
3970, wRrTE (6,280) MTXNO,DÀY
3980. IF (REMrX.EQ.0) cO TO ¿70
3990. l.'RrrE (6,290)
{000. 470 WRrlE (6,310)
{010, l{RrTE (5,320) (L,r{(L),y4(L),L=1,NSljM4)
4020. C
4030. C PLOT OUl TI.IE BEST FIT CURVE - CURVE NO. ¡¡
4040. c
¿050. x4(NSUM4+1)= 0.0
4060. Y{(Nsr.ru{+1)= 0.0
4070. x4 ( NSU!'!4 +2 ). f . 0
{080. Y4 (NSu}r¿+2 )- 25,0
{090. c
4100. CÀLL NE!¡PEN(8)
4'1 10. CÀLL FLINE (x4,Y{,-Nsut't{,1,0,0)
4120. rF (DÀSH.EQ.0) CO TO {80
¿130. XDÀSH = (X4(NSUU4)/1,0) + 0. f2
414 0. YDÀSH = ya(NSUlr¿)/25.0
4150. XEND t {.0 - XDÀS¡|
41 60, CÀLL PLOT (XDÀSH,YDÀSH,-3)
4170, CÀLr, DÀSHP (XEND,0.0,0,12)
4180. CÀLLPLOT(-XDÀSH,-yDÀS¡.t,-3)
{190. 480 CÀLL PLOT (0.0,0.0,3)
{200. cÀLL NEÍ{PEN ( 1 )¿210. co To 590
4220. C
¿230. C CÀLCULAfE THE BEST FIT CI,'RVE PLOTTTNG POINîS - CURVE NO. 5
4240 . C
4250. {90 rF (NCURV.NE.5) cO TO 540
4260. NSLrI'í5 . 0
4270. DO 500 t'U.1 ,MÀ:1104280. Rl{J.lü
4290, x5(À{J} . ((RüJ/10,0) - 0,1)
{300, tF (x5(trJ).GE.¡{LÀST) cO rO 510{310. xtEr.tp . X5 ( t{J ) + XSTÀRT
{320. y5(¡rJ) . (C(1)} + (c(2)*xTEMp) + (c(3)*(xrErrr¡'ir2)) +
¿330. r¡(c({)r(xTH'rPr*3))
¿340. rF (ys(t{J).cr.yMÀx) co 10 510¿350, NSUI'ís ' NSINS + 1

{360. 500 coNT¡NuE4370. 510 x5 (Nsur.rs + 1) . ,lrÀsî
{380. XLTET{P ' XLÀST + XSTÀRT
4390, y5(NStH5 + 1). (C(1)) + (C(2)rXrTEræ) + (C(3)r(X!tE¡.lprr2)) +
a{00. e ( c (¿ ). (r{rTEtrPir 3 ) )¿410. NSt tl5 . Nstrl.ts + 1
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4420.
4430.
{{40.
{450,
4450,
4470,
4480,
4490 ,
{500.
4510.
4520,
4530.
4540.
¿550,
¿560.
4 570. C
4580.
{590,
4600.
4610.
¿620.
4630.

LIMECOMB "Computer Proqram No. 8rl

c
C LIST THE BEST FIT CURVE PLOTTING POINTS - CURVE NO, 5
c

lrRr TE ( 5,280 ) MIXNO,DÀy
rF {REMrX.E0.0) GO TO 520
wRrrE ( 6,290 )

520 HRrîE (6,310)
r{RrTE (6,320) (MJ,x5(MJ),ys(MJ),MJ=1,NSU,í5)

PLOT OUT T¡{E BEST FIT CURVE - CURVE NO, 5

x5(NSUMs+1)= 0,0
Y 5 ( NSUì,i5+',j )= 0.0
x5(NsrJl.rs+z)- 1,0
Y5(Nsu}r5+2).25.0

CÀLL NEI{PEN ( 8 )
cÀLL FLrNE (X5,y5,-NSIJM5,1,0,0)
rF (DÀSH.EQ.0) GO TO 530
xDÀsH . (x5(NSUMs)/1.0) + 0.12
YDÀSH . y5(NSUM5),/25.0
XENÞ = 4,0 - XDÀSH

45{0. CÀLL PLOT ( XDÀSH,YDÀSH, -3 )4550. CÀLL DÀSr.rp (XEñD,0.0,0.12 )
4660. CÀLL PLOT ( -XDÀSl.t, -yDÀS¡1, -3 )4670. 530 CÀLL PLOT (0.0,0.0,3)

c

4680,
4690.

CÀLL NEI{PEN(1)
GO TO 590

O. C CÀLCULÀTE THE BEST F¡T CURVE PLOT TNG PO¡NTS - CURVE NO. 5

0. 540 rF (NCURV,NE,6) GO TO 590
0. NS(JM6 . 0
0. DO 550 NJ.1 ,l.rÂxl00, RNJ.NJ

70. x6(NJ). ((RNJ/10.0) - 0.f)
80. ¡F (X6(NJ).GE.XLÀST) cO ro s6090, XTEMP . X6(NJ) + xSlÀRT00, y6(NJ). (c(1)) + (c(2)rxTEl.tp) + (c(3)r(xrE¡{prr2)) +10. &(C({ }* (XlEt{Pr*3) )20. ¡F (y6(NJ).cr.yl'tÀx) co To 560
30 . NSt t'r6 . Nst MS + 't

40. 550 CONTINUE

900.

560 x6(Nstu6 + 1) . x!ÀsT
XLÎEHP.X!ÀST+XSTÀRT
y6(Nsuu5 + 1). (c(1)) + (c(2)rxrTEMp) + (c(3)r(xrTEMprr2))

Ê(c({)r(xLTE}rPrr3})
Nsljx6 . NSU¡il6 + 1

C L¡ST THE BEST FIT CURVE PI.OTTING PO¡NTS - CURVE NO. 6

r{Rr TE ( 6,280 ) r{IXNO,DÀY
rF (REr,rrx.EQ.0) Go 10 570
wRrrE (6,290)

s70 wRrrE (6,310)
r{RrrE ( 5,320 ) (NJ,X6(NJ),y6(NJ),NJ.1 ,NStM6)

60.
70.
80.
90.

10.
20.
30.

9{0,
50.

960.
70.

{980,
{990.
5000,
5010.
5020.
5030,
50{0.

C PLOT OUT THE BEST FIT CURVE - CURVE NO. 6

x6(Nslrll6+l). 0.0
Y6 (NsUl.l6+1 ). 0. 0
x6(NSUX6+2). L0
Y6 (NStI,l6+2 ) ¡ 2 5.0
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5050. c
CÀLL NEWPEN ( 8 )
cÀLL FLrNE (X6,Y6,-NSUM6,1,0,O)
IF (DÀSH.EO.O) GO TO 580
xÐÀsH = ( x5 ( NsulrS ) / 1 . 0 ) + 0.12
YDÀSH = Y6(NsuM6)/25.0
XEND s {,0 - XI)ÀSH
cÀLL PLOÎ ( X.DÀSH, YDÀSH , - 3 )
cÀLL DÀSHP (XEND,0.0,0. 12 )
CÀLL PLOÎ ( -X.DÀSH, -YDÀSH, -3 )

5150, 580 CÀLL PLOî (0.0,0.0,3)
5160. CÀLL NEWPEN( 1 )
5170. C
5180. 590 CONTTNUE
5190. C

5200, C DEVELOP À LEGEND FOR COMBINÀTION PLOT NO, 1

5210. C

5060.
50?0.
5080.
5090.
5100,
5110.
5120,
5130.
5140.

5220.

5240.
5250.
s260.
5270 ,
5280.
5290. C

5310. C
5320. 591
s330.
5340,
5350,
5360.
5370.

IF (NC. NE. 1 )
CÀLL SYHBOL
CÀLL SYMBOL
CÀLL SYMBOL
CÀLL SYMEOL
CÀLL SYMBOL
GO îO 609

I LII'IE: SÀND MORTÀR' ,0.0,16 )
'LIME 8RÀND STUDY' ,0.0 ,16 )
'LIME:SAND . 1 :6',0.0,15)
'Mrx Nos. 12 & 18',0.0,16)
'7-DÀY SIReNGTH, ,0.0,1{ )

5300. C DEVELOP À LEGEND FOR COMBINÀTTON PLOT NO. 2

s380.
5390.

TF (NC.NE,2) GO TO 592
cÀLL SYMBOL ( t.76,6.86,0.1{,
cÀLL SYMBOL ( r .76,5,58,0. 14 ,
cÀLL SYMBOL (1.83,6. 30,0. 1¿,
cÀLL SYMBOL 12.32,6,09,0.01 ,
cÀLL SyMBOL (2.355,5.95,0.07
GO TO 609

DEVELOP À LEGEND FOR COMBINÀTION PLOT NO. 3

592 rF (NC.NE,3) cO TO 593
CÀLL SYMBOE ( 1,75,5.86,0.1{,'LIME: SÀND r,lORTÀR' ,0 , 0 , 16 )
cÀLL SyMBOL ( 1 . ?6, 6, 58, 0. 1 4,' LIME BRÀND STUDY" 0. 0, I 6 )
cÀLL SYMBOL (t.83,6.30,0.1,1 , ' LrME: SAND . 1 : 5 

" 
0. 0, 1 5 )

CÀLL SYMBOL (2.32,6.09,0.07,'¡.1¡¡{ NOS. '13 & l9',0,0,16)
cÀLL SYMBOL (2.39,5.95,0,0?,,7-DÀy STRENGTH' ,0.0, 1¿ )
GO TO 609

DEVELOP A LEGEND FOR COMBINAîION PLOT NO, {

593 rF (NC.NE.4) GO rO s9{
CÀLL SYI,IBOL ( 1 .7 5,6 . S6 ,0 . 1¿ , ' LItilE: SÀND raORTÀR' ,0 .0 , I 6 )
cÀLL SYMBOL ( 1 . 76,5. 58, 0. 1 4,' Lf ME 8RÀND STUDY" 0. 0, I 5)
CÀLL SYIIBOL ( 1 . 83,6, 30, 0, 1 4,' LIME: SÀND . l : 5' r0. 0, 1 5)
cÀLL SYMBOL (2.32,6,09,0.07,'Hrx NOS. 13 & 19',0.0,16)
CALL SYì.{8OL ( 2. 355, 5, 95,0, 0?,', 28-DAy STRENGTH', 0. 0, 1 5)
GO rO 509

DEVELOP À LEGEND FOR COI.IB¡NÀTION PLOT NO. 5

59{ rF (NC.NE.5) cO TO 595
CÀLL SyllBOL ( 1 . 69, 6. 86, 0, 1 ¿,' LIt'lE : SÀND IIORTÀR', 0. 0, 1 6 )
cÀLr. SYMBOL ( 1 . 69, 5. 58,0. 1 4,' L¡t{E BRÀ}¡D STUDY" 0. 0,',1 6 )
CÀLL SYI.IBOL ( 1 . 62, 6. 30,0. 1 {,' LIME :SÀND . 1 : {. 5',0. 0, 1 ? }
cÀLL Syr,rBoL (2,25,5,09,0.07,'r.lrx Nos. 1t & 20' ,0.0,16)
cÀLL SYMBOL 12,32,5.9510,07, t 7-DÀy STRENGf'lr' ,0. 0 , 1{ )

54
54
54
54
54
54
54
5{
54
54
55

55
55

55
55

c
c

c

c

c
5500.
5510.
5620.
5530.
56¿0,
5650.
5660.
5670.
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5680. GO TO 509

5?OO. C DEVELOP À LEGEND FOR CO}IB¡NÀTION PLOî NO. 6
5?10. C

5120. 595 rF (NC.NE.6) cO TO 595
5?30. CÀLL SY¡IBOL (1.69,6.86,0.1{,'LIME:SÀND I'IORTÀR ' ,0. 0 , 1 6 )
5?{0. cÀLL SYMBOL (1.69,6.58,0.1{,'rrME BRÀND STUDY,,0.0,16)
5?50. CÀLLSYMEOL (1.62,6,30,0.14,'LIME:SÀND = 1:4.5t,0.0,17)
5?60. CÀLL SYMBOL (2.25,6.09,0.01,'MrX NOS, 1{ & 20,,0.0,15)
5170. CÀLL SyMEOL (2.285,5.95,0.0?,'28-DÀy STRENGTH ' ,0. 0 , 1 5 )

5?80. GO TO 609
s790. c
5800. C DEVELOP À LEGEND FOR COMBTNÀTION PLOT NO. 7
5810, C
5820. 596 rF (NC NE,7) GO TO 59?
5830. CÀLL STMBOI (1.52,6.86,0.1¿,'LIME:SÀND r'rORTÀR',0.0,15)
5840, CÀL! SYMBOL (1,62,6.58,0.14,'.LIME BRÀND STUDY"0.0,16)
5850. CÀLL STMBOL (1.{8,6.30,0,1{,'LIME:SÀND. 1:3,65r,0,0,18)
5860, CÀLL SYMEOL ( 2 . 1 8 , 6 . 0 9 , 0 , 0 ? , ' Mr X NOS. 15 e 21| ,0.0,15)58?0. CÀLL SYMBOL (2,32,5,95,0,01,'7-DÀv STRENGTH ' ,0. 0 , 1 { )

5880. cO TO 609
5890. C

5900. C DEVELOP À LEGEND FOR COMAINÀTION PLOî NO. 8
5910. C
5920. 59? rF (NC.NE.8) GO TO 598
5930. CÀLL SYl.lBoL (1.62,6.86,0,1{,iLIME:SÀND MORîÀR',0.0,16)
5940. CALL Svr.rBOL (1,62,6,58,0.14,'LIME BRÀND STUDY"0.0,16)
5950. CÀLL SYMBOL (1.48,6.30,0.14,'L¡ùrEiSÀND = 1:3.65"0.0,18)
5960. CÀLL SYMBOL ( 2 , 1 I , 6 . 0 9 , 0 . 0 7 , ' Mr X NOS. 15 Ê 21',0.0,16)
5970. CÀLL Syr.rEOL (2,215,5.95,0,0?,'28-DÀy STRENGTH' ,0. 0 , 1 5 )

5980. GO TO 609
s990. c
6000. C DEVELOP À LEGEND FOR COMBINÀTION PLOT NO. 9
60f0, c
6020. 598 rF (NC.NE.9) GO 10 599
6030, CÀLL SYMBOL (1.76,6,86,0.1{,rLIME:SÀND t'lORîÀR' ,0. 0 , 1 6 )

6040, cÀLL Svl'rBoL (1,76,6.58,0,1{,'LrME BRÀND Sîr,rDy ' ,0. 0 , ',1 6 )

6050. CÀLr SYMBOL (1,83,6.30,0.14,'LIl.lE:SÀND = 1:3',0.0,15)
6060. cÀLL Sy¡r8OL (2,32,6.09,0.07,'r,ttx Nos. 16 e 22',0.0,16)
60?0, cÀLL sy 8or. (2,39,5,95,0.07,'?-DAy STRENGTH' ,0 .0 , 14 )
5080. co ro 509
5090. c
6100. C DEVELOP À LEGEND FOR COMBINÀTION PLOT NO. 10
5110. C

5120. 599 rF (NC.NE.10) cO TO 600
6130, CÀLL SyMBOL (1.76,6,86,0.1{,rLIllE:SAì¡¡) l,lORTÀR',0.0,16)
61{0, CÀLL SytrEOL (1.76,6.58,0.1{,'r.rME BRÀND STtDv"0.0,16)
6150. CÀ¡.t SvtllOL (1.83,6.30,0.1{,rLIME:SÀND. 1:3r,0.0,'15)
6160. CÀLL SYMBOL (2.32,6.09,0,07,'|MrX NOS. 16 e 22',,0,0,15)
6170. CÀLL SyMSOL (2.355,5,95,0.0?,'28-DÀy SîRENGTH' ,0, 0 , 15 )
618 0. cO TO 609
6190. C
5200. C DEVELOP À LEGEND FOR COMBINÀTTON PLOT NO. 11
6210. C

6220, 600 rF (NC.NE,11) GO 10 601
6230. cÀLL STUBOL ( 1, ?6,5,86,0. 14,' LtltlE:sÀND }loRTAR"0.0''16)
6240, CÀLL Syl'r8OL (1.?6;5,58,0.1{,'L 'rE BRÀ!{D STUDy"0,0,16)
6250. CÀLL Sn{BOL (1.83,6,30,0.1¿,'LIME:SÀND. 1:2"0.0,15)
6260. CÀLL sYl.lBoL (2.32,6.09,0.0?,'¡lIx NOS, 'tj s 23' '0.0'16)6210. CALL SYMBOL (2,39,5.95,0,0?,'7-DÀv STRENGÎH' ,0 .0 , 1¿ )

6280. co ro 609
6290. c
5300. C DEVELOP À LEGE!{D FOR COI'IBINÀT¡ON PLOî NO. 12
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6310. C
6320. 60f rF (NC.NE.12) cO TO 602
6330. CÀrL SYMBOL 11,?q,q.8q,0,14,'LrME:SÀND MoRrÀR"0.0,16)6340. cÀLL syMBoL fl.?q,q,Þ9,0,14;,LIME BRÀND sruDy',o.ojtst5350, CÀLL SYMBOL ( 1 . I 3 , 6 . 3 0 , 0 . I 4 , ' L¡ HE : SÀND = 1:2',ó.0,i5)
6360. CÀLL SyMBOL (2,32,6.09,0.01,'Mrx Nos. 17 8 23í,0.ó,rSl6370. CÀLL Syt'tBOL (2.35s,5.95,0.0?,'28-DÀy STRENcTH ' ;0. O ; 1 5 )6380. co To 509
6390. C
5400. C DEVELOP À LEGEND FOR COMBINÀTION PLOT NO. 13
5¿10, C

6420, 502 rF (Nc.NE.13) co ro 603
6430, CÀLL SYMBOL (1.76,6.85,0.1{,'LIME:SÀñD r.aORTÀR' , O , O ,16 )6440. CÀLL SYMBOL (1.?6,6,58,0.1{.'LIME BRÀND SrUOy'.O,O.rg)6450. CÀLL Syl.tBOL (1,83,6.30,0.1{,,L¡HE:SÀND. 1:2"ó,0,í5)6460, cÀLL syr,{BoL ( 2 . 3 2 , 6 . 0 9 , 0 . o 7 , ' Mr x Nos. tj e 23í.0.ó.16)6470. CÀLL SYMBOL ( 2 . 7 0 5 , 5 , 9 5 , 0 . 0 ? , ' REMr A , , O , O , 5 )6480. cÀLL SYtlBoL (2,39,5.81,0.07,'7-DÀy STRENGT¡{ ' ,0. 0 , 1{ )6{90, co To 609
6500. c
6510, C DEVELOP À LEGEND FOR COHBINÀTION PLOT NO. 1¿
6520. c
6530. 603 rF (NC.NE.14) cO TO 604
65{0. CÀLL SYMEOT (1,?6,6.86,0.14,,LIME:SÀND MORTÀR',0.0,15)6550. CÀLL SyHBOL (1.76,6.58,0.14,'rrrHE BRåND STUDy';0,0,16)6550. cÀLL Syl'{BOL (1,83,6.30,0,1{,'L¡ME:SÀND. 1:2"ö.0,i5)
5570. cÀLL SYMBOL (2.32,6,09,0.0?,'Mrx Nos. 17 & 23i,0.ó,16)6580. cÀLL SYMBOL ( 2 . 7 0 5 , 5 . 9 5 , 0 , 0 ? , ' REMr ra ' , O . o , 5 )6590. CÀLL SYMBOL (2.355,5,81,0,07,'28-DAy STRENGIH ' , O. O , 1 5 )6600. co ro 609
5610. c
6620. C DEVELOP À LEGEND FOR COMBINÀTION PLOT NO. 15
5630. C
6640, 60{ rF (NC.NE.r5) co ro 909
6550. cÀLL Syr't8oL (1.76,6.85,0.14,,LIME:SÀND r,tORlÀR, ,0. O , 1 6 )6660. cÀLL syMBoL (1.76,5,58,0.1{,'Lr}rE BR¡ND sruDy';o.o;16)6670. CÀLL SYMBOL ( 1 .83 ,6. 30,0. 14 , 'LrNE: SÀND . 1 :6 

" 
ó,0 ,.i5 )6680. CÀLL SyMBOL ( 2 . 3 2 , 6 . 0 9 , 0 . 0 ? , ' tlr x NOS. 12 Ê 1g¡,0.ó,16)

6690. cÀLL SYMBOL (2,39,5.95,0,0?,i7-DÀy STRENGTH ' , O . O , I i )5700, C
6710. 509 cÀLL pLOl (12.0,0.0,999)
6720. 6'l 0 CoNTTNUE
6730, cÀLL PLor ( 0,0,0,0,9999 )
5740. sToP
6?50. END
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G.9 COMPUTER PROGRÀM NO. 9 [25. 27]

Computer Program No. 9 was used only for the line-sand ¡nor-

tar mixes. This program plots the maximum compressive
stress, as defined by the best-fit curve using Computer pro_

gram No. 7, versus the lime-sand ratio of the mix. More

details of this program are included in the program itself.
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RÀlIOPLOT "Computer Progran No. 9"

10, //FMREMTXB JOB 
",,T=1M,L=5,I=10,C=0l,'RÀNDY 

ZÀpOlOTSKy 

" 
CLÀSS =F ,20. // ì'rsGLEvEL= ( 1 , 1 )

30. /*ROUIE PRINT SELF
40. /*D800 VPLOT
30, / / ExEc FoRTr{cLG,usERLrB='sys3,vpLoTLrB',srzE=256K
60, //FoRT. sYsIN DD *

120. C --- TH¡S ¡S THE PROGRÀM FOR STRENGTH VS RàTIO PLOTTING ---
130. C
140. C
150. C
160. C IN THIS PROGRÀI'I THE FtRSl TH¡NG THÀT IS REÀD IN IS TIIE'170. C NUMBER OF PTOTS TO 8E DRÀ|{N. lHE CHÀRÀCTERI STt CS , NÀ},fELy'I80. C THE ORGIN ÀND ÀXES, ÀRE THEN DEFINED ÀND PLOTTED OUT.'190. c FoR ÀESTHETICS PURPOSES ONLy, À FRÀ¡IE IS îHEN DR.ÀWN ÀROIND
2OO. C THIS SET OF ÀXES.
210. C
220, C FOLLOWING lHE ÀBOVE, THE DÀTÀ POINTS ÀRE TI{EN REÀD IN,
230. C PLOTTED OUT I{ITHIN THE LIMITS OF THE CI{ÀRÀCTERI STI CS OF THE
240. C PLOT ÀND THEN À SI'IOOTH L¡NE JOINS EÀCH SET OF POINTS.
250. C FOR EÀCH PLOT TIIO SETS OF CURVES ÀRE SET OUT TO BE PLOTTED.
260. C ERRÀT¡ C DÀTÀ POINîS NOl INCLUDED IN THE CURVE ÀRE PLOTTED OUT
270. C ÀT THE END OF THE PROGRÀM.
280, C
290. C IN lHE ENÞ, À LEGEND }IÀY BE ¡NSERIED.
300. c

70. c
80. c
90, c

100. c
110. C

480, C
{90, c
500, c
510, C
520. C

.-- RATIOPLOî ---

NOPLOT: CONTAINS '¡HE F¡RST JCL STÀTEMENî AND
SPECTFTES THE NIJT'TEER OF PLOTS TO BE
PLOTTED. lHE FOR¡'{ OF TH¡S FILE IS:

1. //co. sYs¡N,DD r
2. fNI'MBER OF PLOTSiI

10. C WHEN SUBH¡TTING À JOB, TI{E ORDER OF SUBMISSION IS:
20, c
30. C 1) RÀTIOPLOî
{0. c 2l NoPr.oT
50. C 3) "FIRST DÀTÀ FILE'
60, c {) "sEcoND DÀÎÀ F¡LE"
70, C 5} trTHIRD DÀTÀ FTLE.
80. c l) I | |eo.c l) I I I

OO. C N) "N-2TH DÀTÀ F¡LE (LÀST ONE)'

20, C WHERE:
30. c
{0. C RÀTIOPLOT: IS THE NÀI.IE OF THTS PLOTTTNG PROGRÀI'I.
50, c
60, c
70. c

530. C DÀTÀ FILE: THB FIRSÌ OR ÀNY OTHER DÀTÀ FILE
5{0. c
5s0, c
560. C
570. C
580. c
590, c
600. c
610. c
620. c
630. C

CONÎÀINS SOIIE BÀSIC ¡NFORT.{ÀTION ÀBOUT
lHE PLOT ÀND ITS DÀTÀ PO¡NTS. TI{E
FORI,I OF À DÀTÀ FILE IS:

1. N1 N2
2. xl Y1
3. x2 Y2t.tlI.tt
N. x(N-1) Y(N-1)
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640 . C
650. C Í{HERE: Nl = THE NIJI.IBER oF DÀTÀ PoINTs 10 DEFINE
660, C cuRvE NUÌ.IEER 1

670. C

680. C N2 = THE NUr,{BER OF DÀTÀ POINTS TO DEFINE
690 , C CURVE NLJÌ.íEER 2
700. c
?10, C X&Y'S = TtlE DÀTÀ POfNTS.
120. c
730. C
740, C ÀLSO, WHEN SUBI'IITTING À JOB, ONE HUST MÀKE SURE THÀT T¡{E
750. C JCL ENDING THE DÀTÀ 1NFOR¡ríÀTION MUSî BE PLÀCED ÀT ll.lE CORRECT
?60. c PosrTIoN. IF ONLY OñE PLOT IS TO BE PLOTTED, IT GOES À1 THE
??0. C END OF THE FIRST DÀTÀ FILE. IN THE CÀSE I{HERE MORE TIIÀN TI¡O
780. C PLOTS Í.¡ILL BE DRÀ9¡N, THE JCL MUST BE PUT ÀT lHE END OF THE
790. c LÀSî ÞÀ1À FILE.
800. c
810, C DEPENDING ON THE NI,JI.IBER ÀND TYPE OF PLOTS TO BE DONE, TI{E
820. C 'DEVELOP À LEGENDI' PÀRT OF THE PROGRÀM I{UST BE MODÎFIED
830. C ÀCCORDINGLY, tF USED,
8{0. C
850, C LIHITÀTIONS OF THE DIMENSION SîÀTEIiIENTS ÀRE ÀS FOLLOWS:
860. C
870. C 1) RÀTrO_(_) ,STRES_{_)
880. C MÀXIMUH ÀLLOI.IABLE NUI,IBER OF DÀTÀ POINTS ÞER CUEE
890. C REÀD IN IS 52 - 2 ' 50
900. c
910. C

920, C

930. DTMENSTON rBUF({000),RÀTrO1(52),STRES1(52),RÀTI02(52),
940 . &STRES2 ( 52 )
950. C

950. C REÀD ÀND T.IRITE OIIT THE NI,JMBER OF PLOîS TO BE DRÀWN
910 . C
980. READ (5,r) NOPLOT
990. wRrTE (5,10) NOPLOT

1000. 10 FoRr.hr l' 1' , / / / / / / / / ,4x, ' THE Nr.Jl'rBER oF pLors rHÀr ,,
'l 01 0 , &'ÀRE TO BE DRÀ9IN I S' ,3X,I3 )
1 020. DO 70 NP.1 ,NOPLOT1030, cÀLL PLOTS (IBUF,{000)
1040. c
1050, C DEFINE SOI'IE CHÀRÀCTERTSTICS OF THE PLOT.
1050. c
1070. cÀLL PLOT (0.0,-11.0,-3)
't080. cÀLL PLOT ( 0.0,3.50, -3 )
1090, cÀLL FÀCTOR (1.0)
1100. CÀLL ÀX¡S (0,0,0.0,rLIME:SAND RÀTIO - 1:X' ,-21,7.0,0.0,0.0,1,0)
't 110. cÀLL AXrS ( 0.0 ,0 .0, I t ORîÀR STRENGTH - psr"2l,{.0,90.0,0.0,50.0)
1120. C
1130. C ------ DR.A9T À RECTÀNGULÀR FRII'IE ÀROI'ND THE PLOT -.--.-
1 1¡¡0. C
1 150. CÀLL NEWPEN ({)
1 150. CÀLr, RECT ( - 1 . 0 , - 1 . 2 5 , 6 . 0 , 9 . 0 , 0 . 0 , 3 )
'l 1 70. cÀLL NEWPEN ( 1 )
1 180. C
'I ,1 

90 . C WRI TE OUT THE PLOT NIJMBER
1200. c
1210. wRrrE (6,20) NP
1220. 20 FORr'rÀT ('1"////////,4x,',THE FOLLOHTNG TNFORT'hTrON 1S FOR 

"1230. Ê ' PLOT NUüBER',3X,¡5)
'1240. C
1250. C REÀD ÀND 9¡RITE OUT THE NlJt.lBER OF DÀTÀ POINTS FOR EÀCH CURVE.
1260. C
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127A. REÀD (5,*) N1,N2
1280. f.rRrrE (6,30) N1,N2
1290. 30 FORMÀT I////////,4X, 'ÎHE NIJMBER OF DÀTÀ POINTS REÀD IN FOR1300. &'CuRvE NO. 1 IS:',3x,I5,//,42x,'CURVE NO. 2 rS:',3x,r5)
1310. C

1320. C REÀD ÀND WRITE OUT THE DÀTÀ POINTS FOR THE I.IIA.
1330. C

1340.
1350.
1 360. c

r460.
1470.

1370, wRtTE (5,40) NP
1380, 40 FOR.t'rAr l' 1' , / / / / / / / / ,32x, ' DÀrÀ porNrs,,//,30x,
1390. &'PLoT NUI'IBER' ,I 5 )
1400. f{RrTE(6,50)
1410. 50 FOR¡,íÀÎ( // , ¿X, ' DÀTÀ NUMBER', ,10X,,X-VÀLUES (RÀTrO)' ,10X,1420. & ' y-VÀLUES ( STRENGT¡{-pSr )"/)
1430. wRfTE (6,50) (r,RÀTrOr(r),STRES1(r),r=1,N1)
'1440. r{RrTE (6,50) (J,RàTr02(J),SîRES2(J),J=1,N2)
1450. 60 FORJ'{ÀÍ (r',7x,I3,15x,F10.3,19x,F'10.1)

REÀD (5,*) (RÀT¡01(I ),STRESl (I ) ,I=1,N1)
REÀD (5,*) (RÀTI02(J),STRES2(J),J.1,N2)

c
C PLOT OUT THE DÀTÀ POINTS.
c

RÂlrOl (N1+f ). 0.0
STRESl (N1+1)= 0.0
RÀTrOl (N',1+2)= 1.0
STRES 1 (N1+2 ) = 50.0

RÀTr02 (N2+1)= 0.0
STRES2 (N2 +',1 )= 0.0
RÀT¡02 (N2+2 ). 1.0
srREs2 (N2+2).50,0

cÀLL LtNE (RÂÎIO1 ,STRES1,N1 ,1,-1,0)
cÀLL LrNE (RÀTr02,STRES2,N2,1,-1,2)

c
C JOIN THE POTNTS IIITH À SMOOTH LINE.
c

XBEGI . RÀTIO1 (1)/1.0
YBEGI = SÎRESl(1)/50.0
CÀLL NEI{PEN ( ¡I )
cÀLL PLOT (XBEGl,YBEG1 ,3)
CALL FLrNE (RÀTrOl,STRES1,-N1,1,0,0)
CÀLL NEI{PEN (1)

xBEc2 . R.ÀrIo2(1)/1.0
YBEG2 . SrREsz(1)/50.0
CÀLL NET{PEN (¿)
cÀLL PLOT (XBEG2 ,YBEG2,3 )
CALL FL¡NE (RAT¡02,STRES2,-N2, 1,0,2)
CÀLL NEI{PEN ( 1)

c
C T¡{E FOLLOWING RECORDS WILL PLOT OUT ERRÀTIC DAlÀ POINTS.
c

480.
{90.
500.
510.
520 ,

1530. C
1 5é0.
1550.
I 550.

1 580. C
1590.
1600.
1610,
1620 ,
1530.
16{0,
1650.
1560 ,
16?0.
1 680.
1 690.
1700. C
'f710.
1720,
'1730.
17,10.
1750.
1760.
1770,
1?80.
1?90.

1860 ,
1870 ,
1880,
1890.

1800.
1810. c
1820. c
1830. C
1840. C PUT MÀJOR AND I''INOR INFOR ÀTION INTO THE LEGEND.
1850. C

CALL Sfi'rBOL (3. 65, 1.855,0, 08,2,0. 0,-1 )

------ DEVELOP À LEGEND ------

cÀLL SyMBOL ( 2.52,3. 86,0 . 1¿ , ' LEGEND 

" 
0.0 ,6 )

CALL SyI'IBOL (2,80,3.58,0,14,'" LI !,lE BRÀND B REIIIX ÀT 7-DÀY',
Ê0.0,30)
CÀLL SYMBOL (2.80,3.30,0.14,'. ¡¡l'æ BRÀND B REMIX ÀT 28-DÀv"
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1900. &0,0,30)
1910. C
1920. C THE FOLLOI.¡ING RECORDS WILL PLÀCE THE SYMBOLS USED FOR
1930. C PLOTTING THE DÀTÀ POINTS INTO THE LEGEND, ONE SYI'IBOL WILL BE
1940. C USED FOR EÀCH DIFFERENT LIME BRÀND,
1950. C

1960. CÀLLSYMBOL(2.59,3.65,0..|4,0,0,0,-1)
19?0. CÀLL SYMBOL ( 2 . 5 9 , 3 . 3 7 , 0 . 1 4 , 2 , 0 . 0 , - 1 )

1980. C
1990. CÀLL PLOT ( 12.0 ,0. 0,999 )

2000. 70 coNTINUE
2010. CÀLL PLOT (0.0,0,0,9999)
2020. sroP
2030. END



Àppendix H

TESTING-DÀTÀ FOR CLÀY IIÍORTAR MI¡IES

Testing-data for each clay mortar mix consisted of three
parts: 1) pre-sanding daba, 2) compression testing data,
and 3) post-testing data. Detailed first and fully in this
appendix is the Pre-Sanding and post-Testing Data. Tabu-

lated at the end of this appendix is the Compression Testing
Information, which is onty part of the compression testing
data. The remaining compression testing data results
(stress-strain data) are presented in Chapter IV, Subsection

4,1.3, Plots. In Chapter IV, the stress-strain data points
are plotted to scale on computer plots.

Classified as the Pre-Sanding Data are the notes taken

on the specimens prior to sanding in preparation for the

compression test. Notes on the specimens included the

colour, shape, surface texture, cracks, density ( for Mix

Nos. 7 to 11 only) plus other assorted features.

Termed the Post-Testing Data are the notes taken on the

specimens after the compression test. This included the

mode of fracLure/failure, the angle of rupture and general

notes.

-428-
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Tr.ro types of mode of failure were noted throughout the

compression testing of the clay mortar mixes 1)

pyrarnidal/hourglass fracture, and2) splitting failure/
columnar fracture. À sketch of a typical pyramidal fracture
and spl-itting failure are shown respectively in Figures H-1

and H-2. Photographs H-1 and H-2, respectively shog¡ occur-
rence of a pyramidal fracture and splitting failure; in
these photographs, the sample pyramidal fracture took place

lrith lime-sand mortar Mix No. 17 at the 28-day age and the

sample splitting failure took place with clay mortar Mix No.

2 at the 28-day age. These two respective photographs also
show the general shape of the clay and Iirne-sand mortar
specimens after testing; in the case of the clay mortar
mixes, this applied only to those specimens which had a peak

fa i lure load,

Both of the above modes of failure are essentially a

shear failure due to lateral tension. For the pyramidal

fracture, the friction between the loaded surfaces of the
specimen and the machine platens hotd the material next !o
the loaded surfaces together, while the lateral tension
shear off the free sides (see Figure H-1). If. the above

stated friction is eliminated or reduced, the lateral ten-
sion is able to act more evenly over the f uJ.t length of the

specimen. With this type of action, cracks form vertically
and parallel to each other in the direction of loading,
which is a characteristic of a splitting failure (see Figure



FrÍclionaf Stresses
and Bottom Loading

on Top
Sur faces

Figure H-I:

Load

Pyramidal /Hourglas s Fracture

Vertical Cracks Parallel
to Each other 1n Èhe
Dlrectlon of Loadíng

Load

Splttting Fallure/Columnar FractureFigure H-2:
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Photograph H-1: Lime-Sand Mortar Oriqinal Mix No.
17 Tested Specimens (28-Day) -

H-2). Splitting failure tends to occur for brittle materi-
als with high compressive strength and for short specimens.

Noted along nith the mode of faiÌure was the angle of
rupture (e). Figure H-3 shows the measurement of this
angle. If 0 = 45o, the f ail.ure is due only to the cohesion

of the material. In the case where 0 is greater than 45o,

the faiLure is due !o internal fricÈion as welL as cohesion

of the material. The angle of rupture is expressed as fol-
l or¡s :
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Photograph H-2: Clay Mortar Mix No.
Spec imens ( 28-Day )

2 Tested

0 = 45 + ô/2

where 0 = the angle of internal friction.

Both e and 0 assume homogeneity of lhe material and that the
naterial follows the Mohr theory of rupture.

In this appendix and investigation in genera)., when a

list of numbers in a table has an index such as "x 0.001",
it means to take the nunbers Listed and to apply that index

to those numbers. It does not mean that the index was pre-
viously applied to the listed nurnbers. This system of tabu-
Iation was used !o be consistent sith the computer plotting.



Crack

Flgure H-3: Angle of Rupture (0) Measurenent

H.1 tdlx No. 1

H.1 .1 Pre-Sandino Datâ

Colour: dark greyish-brown

Shape: lop - concave

sides - concave, corners at the top and

bottom point out noticeably
bottom :- convex

see Figure H-4 for a sketch of the shape

Surface Texture: top - smooth to rough

sides -
bottom - rough with bumps



Cracks:

Other Features:
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- mostly hairline cracks measuring up to
3/8 inch in Iength

- separation crack occurred on one bottom

corner of each specirnen having an

approximale length of one inch and a

maximum width of 0.035 inch

- the bottom separaLion crack/corner crack

chip vhich occurred for each spec imen

was unique among all of the clay mortar

mixes ( Photograph H-3 )

Top Concaved

Sides Concaved

Botton Convexed

Figure H-4: Shape of Clay Hortâr ¡lix No, I Specinens Before
Sandlng



Photograph H-3:
Chip Characteristic
tar Mix No. I Upon

Botlom Separation
of the Spec imen s

Drying

Crack/Corner
of CIay Mor-

H.1 .2 post-Te3tinq Datå

Mode of FaiLure: - splitting failure with a sign of
pyramidal fracture

: Àngle of Rupture -- O: - 90o, for the splitting faiLure
:I cracks
:

- 80o, for the pyramidal fracture
' 

"r""k,



GeneraL Notes:

H.2 r{rx No. 2

H.2.1 Pre-Sandino Data

Colour: grey

Shape :

Surface Texture:

Cracks:

Other Features:
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top loading surface showed

evidence of being restrained by

the loading platen

spl i tt ing failure occurred along

the top perimeter on the sides

top - c oncave

sides - concave but to a lesser degree

than Mix No. 1

- top and bottom corners point out

slightly
bottom - c onvex

top - a thin powdery and crumbly

material existed on the top nith
a smooth to rough surface beneath

sides - smooth Lo rough with odd bumps

bottom - rough with bumps

- hairline cracks

- larger cracks with length up to 5/8 inch

and a maximum width of 0.035 inch

- most of the cracks lrere on the bottom of
the spec imens and near the bottom on the

sides; none existed on the top
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H.2,2 PoBt-TeBtino Datå

Mode of Failure: splitting failure
Àngle of Rupture -- 0: 90o

General Notes: - specimens had a crushed appearance

- sides at rnid-height slightly bovred

out

- top loading surface showed

evidence of being restrained by

the J.oad i ng platen

H.3 MIX NO. 3

H.3. 1 Prc-S¡ndino Data

Co.Lour: grey

Shape: top - concave

sides - fairly vertical

- the concave. shape Èhat extsted in
Mix Nos. 1 and 2 did not exist,
especially nith respect to Mix

No. 1

botÈom - convex

Surface Texture: - same notes as for Mix No. 2

Cracks: - same notes as for Mix No. 2

Other Features: - same notes as for Mix No. 2
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H.3.2 Post-Testino Data

- same notes as for Mix No.2

H. 4 t{rx No. 4

H.4.1 Pre-Sanilino Dat¡

- same notes as for Mix No. 2 except the larger

cracks have lengths up to 7/8 inch and a maximum

width of 0.065 i nch

H.4.2 PoBt-Tèstino DaÈa

- same notes as for Mix No. 2

H.5 MIX NO. 5A (ÀIR-DRY)

H.5.1 Prc-S¡ndÍno Data

- same notes as for Mix No. 4, except the larger
cracks have a maximum Hidth of 0.075 inch and Èhat.

the densi!y of cracks, especiatly on the bottom,

had dec reased

l{.5. 2 PoBt-Têstino Drt,å.

Mode of Failure: - sp1 itting failure
- Specimen No. 3 showed a slight

pyramidal type of f racture

Angle of Rupture -- e: - 90o, for the splitting failure
cracks

- 60o, for pyramidal fracture crack

on one side of Specimen No. 3
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butGeneral Notes: - same notes as for Mix No. 2

less bowing out of the sides

H.6 MIX NO. 58 (MOIST-CT'RED)

H.6.1 Pre-Sandinq Data

Colour: grey

Shape :

Surface Texture:

Cracks:

Other Features:

Èop - concave, but to a Lesser degree

than Mix Nos. 1 to 5A

sides - same notes as for Mix No. 3

boÈtom - mostly even

top - fairly smooth with slight bumps

sides - smooth to rough with odd bumps

- powde ry

bottom - fairly smooth with odd bumps

- powdery

- same notes as for Mix No. 2 except the

Iarger cracks have lengths up to 3/4

inch and a maximum nidth of 0.080 inch

- cracks were evenly distributed on the

spec imens

- while sanding the mois!-cured specimens

of Mix No. 5, the original top surface

developed a ceIIular appearance as shown

in Figure H-5 and Photograph H-4.

Àllhough il Looked broken up, the speci-

mens Here in fact still inÈact.



Ffgure H-5: General Top Vlew of Clay Mortar !f1x No. 5 Moist-
Cured Specimens AJter Sanding



Photograph H-4: Comparison of Dry-Cured (Left)
and Moist-Cured (Right) Specimens óf Cl.ay Mortãr
Mix No. 5 After Sanding

H.5.2 Post-TeBtino Data

- same notes as for Mix No. 5A (air-dry)
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H.7 HI:t NO. 6

H.7.1 Prê-Sandinq Datå

CoIour: grey

Shape: lop - concave

- depth of concaveness = 2 to 3 mm.

measured at t,he centre of the

spec imens

sides - same notes as for Mix No. 3

bottom - uneven

Surface Texture: - same not.es as for Mix No. 2

Cracks: - hairline cracks

Iarger cracks rrith length up !o 5/8 inch

and a maximum width of 0.035 inch

one crack had a length of one inch

of 0.050 inch

Other Features: - sarne notes as for Mix No. 2

11.7.2 PoBt-Têstino Dåt¡

Mode of Failure: - splitting failure with some

errat ic cracking patterns

Àngle of Rupture -- 0: - 90o, for sp1 itting failure
General Notes: - same notes as for Mix No. 2
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r{.8 r{rx No. 7

H.8.1 Pre-Sandino Data

Colour: grey

Shape: top - concave

- depth of concaveness = 1 to 3 mm.

measured at the centre of the

spec imen s

sides - fairly vertical. with some

concavity and convexity

bottom - uneven

Surface Texture: top - same notes as for Mix No. 2

sides -
bottom - smooth with odd bunps

Cracks: - same notes as for Mix No, 2 except the

Iarger cracks have lengths up Eo 13/16

inch and a maximum width of 0.065 inch
Average Density: 84 pcf .

Other Features: - cracks were evenly distributed on the

spec imens

- While sanding, the surfaces of the

specimens became gritty and developed a

cracked up appearance as shown in Figure

H-6 and Photograph H-5.



Figure H-ó: General Surface Vlew of Clay ìlorlar MÍx No, 7

Speclmens After Sandlng
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Photograph H-5: CIay Mortar Mix No.
Àfter Being Sanded

7 Spec imens

H.8.2 PoBÈ-Testincr Data

Mode of FaiLure: - crushed with no peak load

- no disÈinct type of failure mode

except for a very slight indica-

tion of some splitting failure
c rac ks

Àngle of Ruplure -- e: - 90o, for the slight indication of

splitting fa i lure cracks



General Notes:
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specimens had a crushed appearance

as illustrated in Photograph H-6;

this is the general shape of the

clay mortar specimens that had no

peak failure load (t'Iix Nos. 7,8,

10 and 11)

see Table H-I for the last

compression reading !aken for each

specimen of Mix No. 7 with no

failure

I

lì
Photograph H-6: Clay Mortar Mix No.
Spec irnens ( 28-Day )

7 Tested



Tablè H-I

Last Corpresslon Readlngs Taken For
lllx No. 7 fllth tlo Fallu¡e

Speclnen
No.

Defornation
(x 0. 001 in. )

Strain
(r)

Load
(pounds )

Stress
(psl. )

1

2

3

3?4.0

671 .6

709.0

2A .7

49.0

52.9

ô68

900

1 .600

243 -2

336. I

597 .2

Table H-I I

LaBt Corpre88lon Readtngs Taken For
lllx No. I Tlth No Fâllure

Speclien
No.

Defornatfon
(x 0.001 ln. )

Strain
(r)

Load
(pounds )

Stress
(psi. )

1

2

3

649.0

633.0

622.O

41 .4

48.5

45 .1

1 , 000

1 , 000

1 ,000

365.0

371. ?

359.5



H.9 MIX NO. 8

H.9.1 Pre-Sandínd Data

CoIour: grey

Shape:

Surface Texture:

Cracks:

Average Density:

Other Features:

top - concave

- depth of concaveness = 1.5

2 mm. measured at the centre

the spec imen s

sides - vertically straight nith a very

slight inward angle change from

the vertical on some of the sides

bottom - even

top - same notes as for Mix No. 2

sides - fairJ.y smooth

bottom - "

- same notes as for Mix No. 2 except the

larger cracks have lengths up to 15/16

inch and a maximum width of 0.060 inch

88 pcf .

- cracks were evenly distributed on the

specimens

- different from the previous mixes: very

Iittle bunp forrnation or distortion from

the shape of a cube took place for the

specimens of Mix No. I

to

of
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- As wilh Mix No. 7, whiJ.e sanding, the

surfaces of the specimens became gritty
and developed a cracked up appearance as

shor¡n in Figure H-6, page 444, but with
onLy about half the amount of cracking.

compress i on

No. I with

H.9.2 Post-festino Data

- same notes as for Mix No. 7

- see Table H-II, page 447 f.or thê last
reading taken for each specimen of Mix

no fa i Iure

H.10 MrX NO. 9

H.10.1 Pre-Sandino Data

Colour: grey

Shape :

Surface Texture:

top -

sides -
bottom -

top -
sides -

botton -

concave

depth of concaveness = 1 to 2 mm.

measured at the centre of the

spec imens

verticaJ.ly st ra i 9ht

tvJo spec imens convex , one

spec imen even

same notes as for Mix No. 2

smooth with odd bumps

lr r¡
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Cracks: - same notes as for Mix No. 2 except the

larger cracks have Lengths up to 7/A

inch and a maximum width of 0.082 inch

Àverage Dens i ty: 93 pc f .

Other Features: - cracks were evenly distributed on lhe

spec imen s

very Iittle distortion from the shape of

a cube took pLace

H.10.2 PoEt-Têstino Dåta

Mode of Failure: - splitting failure vith some

errat ic cracking

ÀngIe of Rupture -- 0: - 90o, for the splitting failure
cracks

General Notes: - slight bowing out of the sides aE

mid-height

- top and botUom loading surfaces

showed evidence of being

restrained by the loading platens

H.11 UrX NO. 10

H.11.1 Prè-Srndino Drta

Colour: grey

Shape: - same noÈes as for Mix No. 6

Surface Texture: - same notes as for Mix No. 6



Cracks:

Average Dens i ty:
Other Features:
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- same notes as for Mix No. 2 except the

larger cracks have lengths up to one

inch and a maximum width of 0.074 inch

85 pcf .

- same notes as for Mix No. 9

H.11.2 Post-Testino Data

- same notes as for Mix No. 7

- see Table H-III for the last compression reading

taken for each specimen of Mix No. 10 with no

faiÌure



lable f,-I II
L¡rt Corprc¡¡fon Rredln8! lrI.D lor

Ilx ìo. l0 llth lo Faflurc

Spechen
No.

Defo¡ration
(x 0.001 in. )

Straln
(r)

Load
( pounds )

Stress
(Psr. )

1

2

3

805.0

545.0

463.0

12 .8

37.9

3õ.0

1,100

1,100

1 ,200

4!S .2

403. 1

428 .3

Î¡blc [-IV

¡,!.t Ccprerrloô RcrdlnSr lr¡(c! For
ll¡ tro. 11 llth tro FrlluDC

Speclren
No.

Deforration
(x 0.001 ln. )

Straln
(r)

Load
(pounds )

StFeag
(psl. )

I

2

3

591 .5

510.5

474.O

41 .5

sõ.0

3¡t.3

1 ,500

1,500

1, õeõ

õ0?.6

502.0

515. I
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H.12 MrX NO. 11

H.12.1 Pre-SandinqData

CoIour : grey

Shape: - same notes as for Mix No. 6

Surface Texture: - same notes as for Mix No. 6

Cracks: - mostly hairline cracks

larger cracks wifh tength up to I/2 ínch

and a maxirnum width of 0.051 inch

Àverage Density: 77 gcf.

Other Features: - same notes as for Mix ¡¡o. 5B

H.12.2 PoBt-Têstino Data

- same notes as for Mix No. 7 but not as crushed

- see Table H-IV, page 452 f.ot the last compression

reading laken for each spec imen of Mix No. 11

!rith no failure

H.13 COMPRESSION TESTING INFORIIÀTION

Included as the Compression Testing Information are the

dimensions of the cube specimens, the resultant testing sur-

face area, the time required to perform the compression test

for each specimen and the age of t.he mix at the time of

testing. This information is in TabIe H-v.
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Appendix I

TESTING DÀTÀ FOR LIlrfE-SÀND lrlORTÀR ITIIXES

Testing data for each of the lime-sand mortar mixes con-

sisted of three parts: 1) pre-testing data, 2) compression

testing data, and 3) post-testing data. The Pre-Testing

Ðata is sumrnarized in Chapter IV, Subsect ion 4.2.2, Testing

Data. Pre-testing data included notes on Èhe colour, shape,

surface texture and density measurements of the specimens.

Tabulated first in this appendix is the Compression

Test Information, which is only part of the conpression

testing data. The remaining compression testing results
(stress-strain data) are presented in Chapter lV, Subsection

4.2.3, Plots. In Chapter Iv, the stress-strain data-points
are plotted to scale on computer plots. Tabulated at the

end of this appendix is the Post-Testing Data.

Included as the Compression Testing Information are the

dimensions of the cube specimens, the resultant testing sur-
face area, the time required to perform the compression test
for each specimen, and the age of the rnix at the time of the

testing, All of this inf or¡nation is in Table I-I . The

length and r¡idth dimensions in this table are average values

based on three measurements: one measurement was taken at

the top, one at mid-height and one at the bottom of the

456
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specimen. The loading area is aLso an average value but

based onJ.y on the dimensions at the top and bottom of the

specimen. Since the mid-height dimensions were not used for
the area calculations, the average length multiplied by the

averagê width may or may not equal the recorded average

area. Àverage areas greater than or equal to 3.94 square

inches were taken as 4.00 square inches, as directed by CSÀ

A8-1970, Subsection 7 .11. 10 [15].

After the compression test, notes termed as post-

Testing Data were recorded for each set of specimens.

Recorded were the mode(s) of fracture(s)/failure, the angle

of rupture(s) and general notes. All of this information is
in Tab1e I-II. Each set of data in this table represents a

sumrnary of three specinens per mix per age group. Specimens

with no indication of fracture(s)/failure on the surface
sere assurned to have fractures beneath the surface.

Three types of mode of fracture(s)/failure were noted

throughout the compression testing of the Iime-sand mortar

specirnens: I) pyramidal/hourglass fracture; 2) splitting
failure or columnar fracture; and 3) corner fracture.
Details of the first two modes, how the angle of rupture is
measured, and the significance of the angle of rupture is
detailed in Appendix H. À sketch of a typical corner frac-
ture is shown in Figure I-1. photograph I-1 shows an occur-
rence of corner fracture with the tested specimens of Mix

No. 12 at the 28-day age. The cause of a corner fracture



lras due to locaI stresses created

slightly higher than the remaining

458

by the corner ( s ) being

Ioading sur face.
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FÍgure I-1: Corner Fracture
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Photograph I-1: Lime-Sand Mortar Mix No. 12
Tested Specimens (28-Day)



Àppendix iI

COMPUTER STI'DY PLOTS FOR TIME-SÀND MORTÀR MIXES

The compressive strength and failure characteristics of each

lime-sand rnortar mix, at the age of seven and 28 days, is
described by the curves given in Figures 33 to 66, pages 163

to 196. From these figures, different combinations of the

curves were put together to obtain four different studies:
'1 ) lime-sand ratio studies; 2) remix strength studies; 3)

seven- and 28-day strength studies; and 4) lime brand stud-
ies. These studies t¡ere put toget.her into computer plot
form with the use of Computer program No. I of Àppendix G.

More information about these studies is in, Chapter IV,
Àrticle 4,2.3.2, Study Plots. ALso under this Àrtic1e, are

the results of the first tr¡o studies. Resul.ts of the two

remaining studies are in this appendix, The Seven- and

28-Day Compressive Strength Study plots are in Figures J-i
to J-17 and the Lime Brand Study plots are in Figures J-18

to J-31.
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Àppendix K

MORTÀR STRENGTH REOUIRED FOR STÀCKWÀtL
CONSTRUCTION

In the laboratory, the mortar !¡as tested in the form of two-

inch cube specimens while the mortar in a stackwall struc-
ture is in a different form. What is the laboratory mortar

strength required thât would correlate to the mortar
strength required for stacknall construction? Sought for
was an adequate strength (see Appendix a) with a generous

safety factor rather than high strength.

Figure K-1 shows a typical cross-section of stackwall
construction. The Northern Housing Committee of the Univer-
sity of Manitoba [51] evaluates the load for a one- and two-
storey stackwall house to be respectiveLy one and two kips
per linear foot of wall; these figures represent the 1oading

at the stacklrall-foundation interface. This Ioading is
assumed to be uniaxial with no eccentricity thereby creating
a pure cornpressive state of stress.

Intermittent lateral forces such as that due to ¡vind

are assurned to be non-governing since stackvrall construction
consists of a wall that can be described as being stubby

reLative to conventional masonry (see Definitions). In
addition to the compressive strength, an analysis of Iateral

-502-
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forces would involve the bond strength of mortar; the

sErength of the mortars examined in this investigation
not mea sured.

Reference 51 tp. 441 states that !he mortar joint of

stackwall construction should have a width of three to four

inches. In practice, the Hidth used is usually three and

one-half to four inches [51], In calculaEing the compres-

sive stress on the mortar, a Hidth of three inches wiII be

used; this wilI represent a higher stress situation than

usually met in pract ice.

Às indicated in Figure K-1 , page 503, due to a lower

bedding area, the critical mortar layer will be taken on top

of the firsÈ layer of logs insÈead bf rhe stackwaLl-

foundation interface. The total area of mortar at this
poin! per linear foot is:

No. of mortar joints x (çidth of joint x lengÈh of joint)
2 (3" x 12"1

72 in.2.

Àssuning that the full load is present on this area, the

maxinum compressive stress of the rnorÈar for a one storey

stackwalL house is:

o = Ioad/area

= 1,000 ]-bs./72 in,2

= 14 psi.

s04

bond
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Àt this point, it does not rnean that the strength of a

two-inch cube mortar specimen, tested in the laboraLory,

requires a compressive strength of 14 psi. to be satisfac-
tory for stackwall construction. The two different condi-

tions of stress must first be correlated before any compari-

son can be made.

In the ì.aboratory, the height-diameter ratio of the

cube specimen is one (2/2 = 1); in stackwall construction,
assuming a maximum of one inch thickness for the mortar [51,

pp. 40, 431 , the height-diameter ratio is 1/3 (height of

mortar joint/width of mortar joint). The literature indi-
cates that as the height (Iength for a cylinder) of the

specimen in compression is reduced, the effect of the fric-
tional restraint at t.he ends become relaÈively i.nportant

[28, p. 139]. If the specimen is so short that. a normal

failure plane cannot develop within the length of the speci-

men (i.e. diagonal planes intersect the base), then the

apparent strength is appreciably increased and other types

of failure, such as crushing, may occur [28, pp. 139, 146].

The Iiterature also indicates that as the ratio of joint

thickness to the height of a building block decreases, the

masonry strength increases [30, p. 32].

The effects of size and shape of the test specimen are

noted in the testing of concrete -- a non-homogeneous, brit-
t1e material. To standardize tests, correction factors, to
take into account the length-diameter ratio of the specimen,

are set up for concrete testing [Ze, OO, 147 Eo 148).
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It is suggested that for a homogeneous material, the

unit compressive strength varies !¡ith the shape of the spec-

imen, being dependent upon the ratio between the teast hori-
zontal dimension and height [12J. The mortars examined in

this study as weLl as the conventional mortars (see Defini-
tions) are assumed to be homogeneous materials. For a labo-

ratory mortar cube, the above ratio is one. À mortar joint
in a stackwall waII has a minimum ¡,¡idth of three inches [51,
p. 44) and a maxirnum of one inch thickness [51 , p. 40]. In

the stackwall joint, the above ratio is 3/1 = 3. The

slrength required of the mortar used for a one storey stack-
¡ral1 house should then theoretically be

14/3 = 4.7 psi 112l

If the joint's width is increased and/or height decreased,

this theoretical figure would become even 1ower. For exam-

ple, if the mortar was given the width of four inches and a

height of three-quarters of an inch, the above ratio would

become 4/0.75 = 5.3. The theoretical strength required

would then becone

14/5.3 = 2.6 psi. 112l

The required st,rèngth can be lowered further if one

closely examines the true state of stress of the mortar in
the wall. In conventional masonry (see Definitions) sub-

jected to uniaxial cornpression, t.he nortar is put into a
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triaxial compression and the masonry unit is put

into a state of uniaxial compression (in the direction of
loading) and lateral biaxial tension [40, pp. 34 to 35; 60,

pp. 103, 1281 . The biaxial tension of the rnasonry unit is
due to the mortar having a tendency to spread out laterally
under load, In response, the unit reacts in the opposite

direction so as to maintain equiJ-ibrium creating lateral
biaxial compressive stress on the confined mortar.

If the nortar in stack¡,¡alL construction is in a state
of triaxial compressive stressr âs in conventional masonry

(see Definitions), the strength of that mortar would be

appreciably higher than the mortar tested in the laboratory
which j.s in an unconfined and uniaxial compressive state of
stress. If a correlation between these two different states
of stress were known, the reguired laboratory strength of
mortar could be reduced further. One way of getting a bet-
ter indication of how the mortar and building units react
together is by assembJ.age and waJ.l panel type of tests.

Àssemblage and wall panel type of tests is a more valu-
abLe laboratory strength test than mortar cubes, since in
good masonry work, mortar becomes an integral part of the
wall, even though it may occupy a small percentage of wall
area. Mortar cubes do not remotely emulate rnasonry wa1I

conditions such as effecL of absorption by masonry units,
consolidated weight of waIl and particularly the profound

influence of the strength of the units [12].



508

In masonry work, safety factors of five to 15 are com-

pletely adequate [.] 2J . If assemblage and/or wa11 panel

(built and seasoned as it ¡,¡ould be in the field) tests are

performed for tensile bond strength, shear strength and com-

pressive strength, load factors between four and five may be

sufficient for masonry construction; otherwise Ioad factors
of 10 or higher have to be used [30, pp. 35 to 36]. Since

only mortar cubes were used in this study, a safety factor
of 10 will be used.

Previously it was calculated !hat a theoretical mortar

compressive strength of 4.7 psi. !¡as required for a one-

storey stackwal-l house. with the safety factor applied, the

theoret ical strength required becomes

4.7 x 10 = 47 psi.

It nust be remembered that this figure assumes the highest

stress situation v¡ith the mortar, having the minimum width

of three inches and a maximum thickness of one inch; if the

width were increased and/or the height decreased, this fig-
ure would be Lower.

The loading for a tvo-storey stackwall house was previ-
ously found to be twice that for a one-storey house [51];
this means that the theoretical mortâr strength required for
a two-storey slackwall house is

47 2 = 94 psi.
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Before finalizing the required mortar strength for
scackwall construcÈion, a comparison check should be per-

formed with respect to the building unit. There is consid-

erable support to the theory that mortar should never be

stronger than the masonry unit since under settLement or

defLective stresses, the unit, rather than the mortar is
more likely to crack [12]. In convent ional masonry (see

Definitions), lhe primary comparison check between the mor-

tar and the unit is simply Èhe laboratory compressive

strength of the tHo.

If the wood in stackwall construction experiences the

same state of stress as conventional masonry (see Defini-
tions) subjected to uniaxial compression, the wood would be

in uniaxial compression (in the direction of loading) and

Iat,eral biaxial tension. Due to wood being an anisotropic
material, three different types of stresses would be experi-
enced. Pigure K-2 demonsÈrates these stresses on a stack-

wall unit (Iog) at one of the two mortar joints which exist
on a uniÈ (see Figure K-1, page 503). The stresses are: 1)

compression perpendicular to the grain, Í"¡i 2) tension par-

aIIeI to the grain, ft; and 3) tension perpendicular to the

grain, f ar.

À11 of the above Èhree stresses äre inportant in deter-

nining the strength of stackwall construction. Hosever,

using the prinary comparison check used in conventional

rnasonry (see Definitions), only the compressive stress per-
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Flgure K-2: Theoretlcal Stresses on a Stackwall Unit (Log)
One of the T\ro ExisÈent Mortar Jolnts

pendicular to lhe graín of wood will be checked against the

required compressive strength of the mortar. The Canadian

Wood Council (cwc) Dataf i. le wP-3 [22] tabulates the allow-
able stresses for different grade categories of wood. Wood

in the Ha1ls of sbackwall construction would fit the grade

category of Post and Timbers 5" x 5" and Larger. For this
grade category, the allowable compressive stress perpendicu-

lar to the grain ranges from 180 to 460 psi. The value

within this range is determined by the species of wood used

as given by TabJ.e K-I . Stress modification factors mus! be

app). i ed as follows:
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Fll = F"lKsclKrKo [43, p. 164]

F.1 = modified aLlowable compressive stress
perpendicular !o the grain of wood;

F"1 = a 1). owa ble compressive stress
perpendicu).ar to the grain of wood;

Kscl = service condition modification factor
for compression perpendicular to
grain of wood;

KF = treatment modification factor for
wood; and

Ko = load duration modification factor for
wood.

Àn examination of KScj, KF and KD [43] with respect to

stackwall construcÈion all prove to have the value of 1.00,

thereby having no effect on the above mentioned figures.

Hence, depending upon the rrood species used in stack-

walI construction, the laboratory compressive sÈrength of

mortar used should Eheoretically not exceed 180 to 460 psi.
( see Table K-I ) .

Frotn the calculated compressive stress requirenents of

mortar and the compressive strength perpendicular to the

grain of wood as used in stackwall construction, â minimum

and maximum range of laboratory mortar compressive strength

tt[) is attained.

where:
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Tab¡e K-I

Al lowable Corpressive Stress Penpendlcular
to Graln (Fcl) of llood for the Grade of
Posts and Tlübers 5" x 5" and Largerl

Commercial Species
Group Des ignat ion

Species in
Combination

Fcr
(psi

Douglas F'i r-Larch
(North )

Hem-Fi r (North )

Eas tern Henl ock
Tamarack ( North )

Coast Species

S pruce-P i ne- !'i r

t{es te rn Cedars
(North )

Northern Species

Northern Aspen

Douglas Fir, western Lanch.

Pacific coast Hemlock, Amabilis
Fi.r. crand Fir.

Eastern Hemlock, Tamarack.

Doug-las Fir, Western Larch,
Pacific Coast Hemlock, Amabilis
Fir, Grand Fir, Coast Sitka
Spruce.

Spruce (a.Il. species except Coast
Sitka Spruce ) , Ponderosa Pj.ne,
Lodgepole Pine, Jack Plne, Alpine
Fir, Baìsam I'ir.

l{estern Red Cedar, Pacific Coast
Ye I low cedar .

AII species above pJ.us: Red Pine,
Western White Pine, Eastern trihite
Pine.

Trenbl ing Aspen, Largetooth Aspen,
Balsam Poplar.

460

235

245

2AO

405

235

235

180

lAs published by the Canadian lrlood Councit [22]
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For a one-storey stackwall house:

42 psi. < f; s tgo ro 460 psi.

For a th'o-storey stackwaLl house:

94 psi. < f; s 180 ro 460 psi.

The upper limit (180 to 460 psi.) is delermined from the

species of wood used in stackwall construction as given by

Tab1e K-I , page 512. These values will be assumed to be the

28-day compressive streng!h requirernents as tested on t!ro-

inch cube specimens in the laboratory.



Àppèndix L

INITIAL IJNIT COST OF I,ÍORTÀRS

Calculated in this appendix is the initial unit cost of

three different type of mortars. rnitial cost is defined as

the cost to obtain the mortar components, The mortar types

looked at are: 1) conventional mortar (see Definitions); 2)

clay mortar; and 3) lime-sand mortar. The Portland

cement:hydrated lime:sand (p.C.:f :S) volumetric ratio used

for the conventional mortar (see Ðefinitions) calculations
is 2:1:6. This is the same mortar that is suggested for
stackwall construction by the Northern Housing Committee

[51 , p. 201. Mix No. 2 is used for the c]ay mortar ca1cula-

tions. For the lime-sand mortar, the initial cost is given

for the lime:sand (L:S) volumetric ratios of 1i2, 1:3 and

1:3.5, Àn example calculation is performed for the ratio of

r:J.

Following are the assumptions made in the calculations:

1. Portland cement, hydrated Iime and sand measured vol-
umetrically with gentle shaking have the following
weight per cubic foot [45, p. 3611:

Portland cement = 85 lbs . /ft.s
hydrated lime = 35

sand (dry) = 100

- 514 -
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When necessary, it is assumed that thê volume of

Portland cement and/or lime contribute very litt1e to
the total volume of a mortar; this assumption is
based on the fact that Portland cement and lime are

very fine materials that fiII the gaps between the

coarser materials. This implies t.hat the volume of

mortar, if needed, will be determined by the vol-ume

of the coarser dry materials.
ÀIthough in somewhat different guantities, the cost

of r¡ater for each type of mortar is assumed to be

very J.ow and not worthwhile to include as part of the

initial cost caLculations. This implies that the

cost calculations are based only on the dry nateri-
aIs.
The cost of obtaining clay for clay mortar is assumed

to be negligible. This assumption is made on the

basis that clay is usually available at or near most

stackwall- construction sites; this is the primary

reason why clay mortar was examined.

Clay nortar Mix No. 2 is assumed to have a density of
85 pcf. This is the average density of Mix Nos. 7 to
11 (see Table VIII, page 97). The density measure-

ment of Mix Nos. 1 to 6 was not performed,

Accuracy of Àssumption No. 2 is checked for a lime-sand

nortar mix !¡ith a Iime:sand volumetric proportion of 1:3.65.

One cubic foot of Line and 3.65 cubic feet of sand are used

?

+-



in the calculations. Using the

Àssumption No. 1, the weight

shouLd be:

35 1bs. Iine
+ 365 " sand

Using Àssumpt ion No.

will be taken as 3.65

dry material, namely

the mix should be:

516

density weights de f ined in
of the malerials in the mix

21 , which has a

having a density

above theoret ica l
included in the

400 lbs. = total dry weight

2, the dried volume of this mixture

cubic feel, lhe volume of the coarser

the sand. Therefore, the density of

400 Ibs. = 110 ]bs.

checking with

Iime: sand rat
of 110 pcf ,

figure. If
total volume,

3.65 ft.3 ft.3

Table XXI r page 149, Mix No.

io of 1:3.65, was measured as

This figure agrees with the

the volume of the lime Here

the density would beco¡ne:

400 lbs. = 86 lbs.
( 3.65 + 1) ft.3

This figure differs significantly
of 110 pcf. From the above, it is
No. 2 has validity.

ft.3

from the measured density

concluded that Assump! i on



517

Similar checks with the other mixes also show that

Assumption No. 2 is reasonable.

The cost of the individual ¡nortar components can differ
from area to area, \.rithin an area, and with time. Quoted in

Table L-I are the prices of the various mortar components in

Winnipeg, Canada as of June, 1987. In this table, a price

range exisls for Portland cement and lirne due to the various

prices found among 1'l different suppliers. These prices

Table L-I

Prlces of varlous llortar corponents
in t{lnnlpeg, Canada

June, 198?

Material Price

Portland cement

Nornal Hydrated L ine

Mortar sand

Clay

Flax Straw

f{at e r

5(6.99 to $.89)l per 40 kg.

$(5.55 to 9.99)1 per 25 kg.

$12.05 Per Yd. 3

Assumed Necligible

So.5o per Bale (about 28 lbs. )

Assumed Negl igible

lPrice range found anong 11 different suppLiers.

wilI be used in the initial unit cost calculations.



[5t, O. 20] is:

Portland cement : I i¡ne: sand volumetric ratio = 2:1:6.

L.1 CON\¡ENTTONÀL MORTÀR

The conventional. mortar ( âee

stackwall construct ion by the

In the calculations, volumes

Àssumption Nos. 1 through 3 is used.

density is dete rmi ned.

Weights:

Portländcement=2x 85=

hydrated lirne =1x 35=
mortar sand =6x100=

total weight =

6

Àmount of individual materials per

Portland cenent = (170l805) x 134 =

hydrated lime = (351805) x 134 =

morÈar sand = (600/805) x 134 =

total vre i ght =

518

Definitions) suggested for
Northern Housing Commi tteè

of one cubic foot and

First the theoretical

170 1bs.

35 .

600

805 lbs .

theoreticaL density = 805 lbs. = 134 lbs.
f t. 3 f t. 3

cubic foot:

28.3 lbs.

5.8

99.9

134.0 lbs. (check)
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Cost of naterials per cubic foot of mortar:

Portland cement

28.3 lbs. x ks. x $(6.99 to 8.89) = $(2.24 to 2.85)

2.2046 }bs. 40 kg.

hydrated I ime

5.8 lbs. x k9. x $(5.55 to 9.99) = $(0.58 to 1.05)

2.2046 Lbs. 25 k9.

mortar sand

99.9 Lbs. x ft.3 x yd.3 x $12.05 = 90.45

100 lbs. 27 f.t.3 yd.3

The total cost of one cubic foot of conventionaf mortar (see

Definitions) (p.c.:L:s = 2:1:6) is:

= ($2.24 + 0.58 + 0.45) ro $(2.85 + 1.05 + 0.45)

= $(3.27 Eo 4.35).

Í,.2 CTJÀY MORTÀR

Mix No. 2 is used for the calculations. In these calcula-

tions volumes of one cubic foot and Àssumption Nos. 1

through 5 are used. Referring to the proportion of materi-

als of Mix No. 2 (see Chaptèr VI , Conclusions, page 268),

and arbitrarily st.arting off wíth 100 pounds of clay, the

weight of the rnaterials used for calculation purposes is
f irst determined.
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weighls:

claY = 169 lbs.
mortar sand = 33.3

flax st.rarv (fibres) = 1.75

hydrated lime = 3.0

ÈotaI weight = t38.Ot 1t*

Density: assumed 85 pcf. (see Àssumpt ion No. 5)

Àmount of individual materials per cubic foot:

clay = (100/138.05) x 85 = 61.6 lbs.
mortar sand = (33.3/138.05) x 85 = 20.5

flax stran (fibres) = (1 ,75/138.05) x 85 = 1.1

hydrated Iime = (3.0/138.05) x 85 = 1.8

total weight = 85.0 lbs. (check)

Cost of materials per cubic foot of mortar:

c Iay

$0. (see Assumption No. 4)

mortar sand

20.5 lbs. x ft.3 x yd.3 x $12.95 = 90.09

100 1bs. ?7 f.t.3 yd.3

flax strar, ( f ibres )

1.1 Ibs. x $0.50 = $0.02

28 lbs.
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hydrated l ime

1.8 ]bs. x kg. x $(5.55 to 9.99) = $(0.18 to 0.33)

2.2046 lbs. 25 kg.

The total cost of one cubic foot of clay mortar Mix No. 2

= $(0.09 + 0.02 + 9.18) to $(0.09 + 0.Q2 + 0.33)

= $(0.29 to 0.441 .

L.3

The l-irne-sand mortar used for an example calculation is:

lime:sand volumetric ratio = 1:3

In the calculations, volumes of one cubic foot and

Àssumption Nos. 1 lhrough 3 are used. First the theoretical
density is dete rmi ned.

weights:

hydrated lime = 1x 35= 35 Ibs.

mortar sand =3x100=300
total weight = 335 }bs.

theoretical density = 335 Ibs. = 112 lbs.

, tal ttrt
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Amount of individual malerials per

hydrated lime = (35/335) x 112 =

mortar sand = (300/335) x 112 =

total weight =

cubic foot:

1 1 .7 lbs.

100.3

1 12.0 Ibs. (check)

cost of materials per

hydraÈed Iime

11.7 lbs. x k9.

cubic foot of mortar:

x $(5.55 to 9.99) = $(1.18 Eo 2.12)

2.2046 Ibs.

mortar sand

100.3 lbs. x ft.3

25 kg.

x 91 2.95 = 90.45x yd.3

100 lbs. 27 f.L, ' yd.3

The total cost of one cubic foot of lime-sand mortar (1,:s =

1:3) is:
= $(1.18 + 0.45) to $(2.12 + 0.45)

= $(1.63 ro 2.57).

Table L-II collectively shows the initial unit cost of

the three different types of mortars studied in this appen-

dix. Included as the fast column of this table is a compar-

ative cost analysis with respect to the conventional mortar

(see Definitions) [p.c.:r,:s = 2t1:6 as recomrnended for

stackwall construction by the Northern Housing Committee --
Reference 51 , p. 201. The cost of clay mortar Mix No. 2 ís
0.09 to 0.10 ti¡nes that of the conventional mortar (see Def-



initions),
propor t i ons

ingly 0.68
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For lime-sand mortars with lime:sand volumetric

of. 1:2, 1:3 and 1:3.5, the cost is correspond-

to 0.84,0.50 to 0.59 and 0.45 to 0.52 times that

Table L-II

Initlal cost Ana.Lysls
varlous ¡{ortar Typeg

of

Mortar Type initial 0ost Per
cubic Foot I

oost Rel.ative to
conventional Mortar

conventionaì3
(P.C.:L:S = 2: I:6 )

0l ay
(Mix No. 2)

Lime-Sand
(L:S = 1:2)

Lime-Sand
(L:S = 1:3)

Lime-Sand
(L:S = 1:3,5)

$(3.2? to 4.35)

S(0.29 to 0.44)

$ (2.22 to 3,64 )

$(1.63 to 2.5?)

$(r.46 to 2.26)

1.0 to 1.0

0.09 to 0. 10

0. ô8 to 0 .84

0.50 to 0.59

0.45 to 0.52

lBased on assumptions listed at the beginning of this appendix and
I'able L-L pages 514 to 515 and 517 respectÍve1y,

2lower and higher values are comparative to the respective Iower and
higher costs.

3Mortar presently recommended for stackwall construction by the
Northern Housing cotnnittee [51' p. 201.

of the conventional mortar (see Definitions).


