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Tnesis 1920.

T“he present ~utonmotive a-e demands zood roads, in
spite 07 tovo:rsiviiical varriers or otier obstacles. Cn the
Tederzl Aid Project 3 in 3araga County, ovetween tine villages
of L'Anse and 3araga, the proposed road ran alony tihe shore
of Lote Sutcrior arnd t.e 3tate Hisnway Departme-t was compelled
to master the following situation.

The original road at the point mentioned was very narrow,
due to tne over-hanzinz cliff on one side and a steep drop to
the la’re on the other. To widen the road was eszentizl and
the only possible way to do it wzs to maire a f£ill out in the
lake and place the road on the top. The only railroed running
to the Copper Countr; of llichican, hus its riznzt of way direct-
ly on the top of the cliff so it wes out of the guesti.n to con-
gsider removing an: of the cliff, or the Red Roclrs, ~s it is
commonly c2lled. A fill into the lake necessitated some pro-
tection from the action of the waves. The expense of building
a sea wall fromn the lae bed to the top of the fill was pro-
nibitive anli to build s smaller wall would allow any sea that
mit come uv, to coupletely zo over it and wash away the fill,
which would have to be made of sand.

After much study and various surveys it was decided to
build & low retainin~> wall out in tue lalze and to protect the
fill by a rip-rap of blue granite slabs that are quite plentiful
in the viecinity. 4 ver; accurate survey was made of the location,
and "he net.re of the sub-soil and the bearin=s qualification of
the bed rock was determined. The lake vottom alon: tne procosed
wall w=s tested by means of drills. The drills were driven every

ten feet and ariven down far enou~h to determine tne exact depth
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to s01id rocz. All soundinzs were recorded and then plotted

as is shown on plate I. Crossecticns were also made and the
vame plctted swowinz bothh the road crossection before and after
the proposed wall is in. Tlate II. suows this crossection and
zives some idea of tne nature of the soil.

ifter all the vwreliminary surveys had been made and the
plan view o7 the wall decided upon it was then necessary to
design the wall to withstand the action of the waves, hold up
the fill o7 sand and beheavy enouch to counteract the action of
frost and freezing temperature.

There are two general types of retaininc: walls, those that
are made of plain concrete and those of reinforced concrete.

The plain concrete walls depend on their weight for stability
while the reinforced walls depend upon a series of .ever arms
Tor stavility. For 2 wall to moet the three requirements enu-
nerated I therzfore decided would havzs to ve of pnilain concrete,
n2avy enoutn to sitistand the lifting action of the frost and
with a battzr on tazs out:ide to counteract the action of the
waves,

Tn2 ordinary theoretical formulas are of but little value
in desiegning retaining walls. The problem presents sucn condi-
tions that connot all be expressed in an algebraic for:ula.
Something had to be assumed and it wes much more sinple to assume
the thiclmess of the wall at once than to derive it from equations
based upon a number of uncertain assumptions. The first acsump-
tion made was thercfore the tnickness. The american Uivil #Zngi-
necers Handbook recommends for desiszning retaining wolls to be

built in a couwntry where the frost penetrates more than three
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Tnesis Tase 3.

feet in the ground, a top widta of not less than two feet.
The width of the base depending upon tne vwork the wall is
to perform. .ith a heavy s.rcharge such as this wall is to
hold the arproximate formula is x (b = .60 xh)(Paze 599 1C1223)
Tho maximum (h) iz found to be 8.5 feet and throuzh out the
rest of the design the maxinum height will be used. Assuming
the width of the top to be two feet and the maximum height
as 8.5 feet the value of (b) will be .60 x 8.5 = 5.1 Using 5
feet. Several enpirical rules have bcoen devised by prominent
en~ineers but the majority of them prove out about the same
as the one used from llerriman. The most used formulas are
those of General Fanshawe, Sir Benjamine Baker and Trautwine.
Aftzr the propossd section had been decided upon the next
most important question in the design concerned the probable
prezsures to de exsrted by the retained material and many
theories have becn advanced on the subject. DNearly &s many
theories have been advanced as there have been walls otuilt dut
the ones generally accepted and solutions based on arec those
of Rankine and Coulomb. Both men lead to identical ecuations
for determining the pressures existi .z in non-cohesive earths,
Ranizine's formula was used in the general désisn for de-
termining the pressures exerted. To fully determine the
pressure of the filling on a retaining wall it is necessary
that the resultant ~ressure be known (a) in amount, (b) in
line of action, and (ec¢) in point o7 application. In referring
to Plate o.3 the graphical solution for the line of action

and the point of a»nplication of the pressures is found.
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In referring to the fizure the outline of the wall is
shown by the lines (a b ¢ d); the line (ck) representing the
surface of the surcharge or the slope of the back filling,
which on the a#erage is 1% horizontal to 1 vertical. The top
of the filling cominTt to the top of the wall.

In makinz czlculations, only 1 foot of the lenjth of the
wall and of the back filling is taken; thus, it is simply
necessary to take the area of the section of the wall and the
bac’ring. The material composing the backing is acsumed to
e a fairly loose sandy gravel with a possibility of it be-
cominz saturated cither from excess rain or drenched from
wvaves washing over the wzll.

It i

2

generally assumed that the maxiaum pressure on a
retaining wall iz caused by a .edge-shaped prism of earth (bek)
included between the wall and the line (%k), which bisects

the ancle (cbi), or the ansle formed by the rear face of the
wall and the slope of repose of the fill. This line is called
the line of maximum pressure and the prism whose crosscction
is (ebk) is calle’ the prism of maximum pressures. The point
of application of tihe pressure P was found by determining the
center of gravity (e'g') of the triangle (bek) and drawing

the line (e'e) parallel to the linc of maximum pressure. The
intersection (e) of this line with the back of the wall is the
required point of apolication of (P). The superimposcd load
that micht occur on the top of the fill was not considered, due
to the nature of the oririnal crossection ani because of the
sli~ht di‘ference * .is load would mare. Th2 maximum load that

could pass over a niznway would not be greater thain a road roller
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or some such riece of road machinery.

Rankine's theory assumed that the pressure is alwars
parallel to the earth slope; but this does not seem rea:conable
since the direction of the pressure should be the zamne =s that
of the motion of the sand. Zxperients have shown that the
surcharze has little or no elfect u:on the lateral pressure and
that the dir-zction of the pressure is parcllel to the slope
of repose. The 2quation for fin'ling the value of (¥) when the
ancle of surcharze and the slope of repose are the same is (P
= % wxh® cos0), where (w) is the weizht of the filling in
coundis p2r cubic foot, (h) the depth of the wall in feet,(0)
is tie anzle of repose of the fillins end (P) the resultant
vrescure on the wall in pounds. The resultant pre:s. ure will
be at an ansle of 33° - 40", Zolving the equation

L x 135 ¥ BTH5 9x .545 =

2657.9%,

P

[}

P
The weiznt of the wall is found by the cquation
7 = % a + b x hxw wvhere (w) is the weight of a cubic foot of
concrete found in thz table on paze 153 ACHEIEB to be 1507 per
cubic foot, (a) is the width of the top and (b) is the width
of the base, h being the altitude. Solvin: the equation for a
section 1 foot thick

i L2 34 5 x 8.5 x 150.

if 4462.5f.
The direction the weivht (w) is on the vertical line
throuzh the center of sravity (C3) of the wall section,the

t2tal pressure (Z), actin~ on the base of the wall is then the

csultant o7 tihe pressure (P) and tne weiznt (W) of the wsall.



Its naonitude and line o action are determined by the
parallel>~~am (oe'rv), in which (oe' =P) and ov' =iI),

the moint (o) beins the intersection of the line of action
af (P) with o vertical throuczh the center of ~ravity of the
wall.

If voti the wall and the foundation are absolutely in-
compressinle and ircavable of fracture or crushirg, the wall
will be safe froa overturniny for the point where the line
of action of (2) meets the base is well within the middle-
third section of the base. Fractical considerations reqguire
that,under ordinary conditions, the point (n) sﬂould fall
within the middle third. This can ve greatly reduced if the
foundation is perfectly rigid and the masonry of the best.
In the present problem weather c->nditions make it nececsary
to design the wall heavy enouzh to witizstand the action of a

40°

below zero weather in the winter.

To test for stability against slidinx the total precsure
(R) on the b se is resolved into a vertical component (o0j)
and = norizontal thrust (jr) the latter tendinz to produce
slidine on Snc base. This thrust must not exceed the product
of tne normdl pressure (oj) and the coefficient of friction
vetween tne wall =nd its foundation. The coefficient of friction
between concrete and blue granite is considered by dependable
autaoritiss to be .55 with an gngle of frietion equal to 35°
00'. The value of (0j) is 2.95 and the value of (rj) is 1.1
0j X coefficient of friction

2.95 x .05 = 1.92.
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2ne value obtalned is much zreater thun the velue of
(rj) which proves that the well is safe from sliding but
a-s a further factor of caf-ty iron tie rods of 1. round
were uzed to anchor the wall to the foundaticn. The method
of doin~ this will be e:zplained later.

As a rule, it is customar; to assume that the only load
upon the base of the wall is the weight of the masonry, and
also to assume that the center of pressure is to be kept with-
in the miadle third of tre base, and that consecuently the
maximum pressure is not more than twice the mean. Computed
in this way there is no likelihood that the mosonry of an
ordinary retainin~ wall will fail by crushinz. Little or no
attention is therefore siven in the desizn of a retaining wall
to the factor of safety against crushing.

After the wall had been proved safe from overturning,
8lid ‘'ng anl crushing the next thinz to design was the joint
to be placed at the end of a day:s pour. In any kind of a joint
t*e only force to act on it would oc the force of pressure
in the lirzction already described, and it would act in shear.
Concrete of a 1:3:5 nix has a shearing strenzth of 1180 lbos.
per s:.in. it suci:r a hirh shearing strenzth any joint
that would extend the total hei~ht of the wall would have
sufficient strenzth. The joint chocen is 6" wide running
the full depth of the wall and projecting about 4" into the
next section. This design was changed slivhtly while on the
actual construction in order to meke the removing of the forms
more convenient.

The completed desicn was sent to the State iighway Depart-
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Thesis Taze 8.

ment Tor anproval where svecifications were dra.n up

and the contract let. The contract was awarded to "The

Smith Sparizs Construet on Jousany’ ol bournton, llichigan

: ’
tie price nmmed was -;14.00 a cubie yard of concrete,
State to prerare the foundation for the wall.

The followin~ extracts were taken from the specifica-

tions prepared for the concrete wall.

i:aterials.

Cenent - The comoat sha 1 be Portland and shall meet
the requirements of the State Hi:h.a; Department.
Concrete Lgmrezate - Tie fine asrozate shall consist

of strmp sand obtained from the Isle ZRoyal CStamp mill
and the larce a-gregate shall all pacs throuih a screen
with 2% inch mesh. The large azrregate to be obtained
from the Champion Sand and Gravel Company and shall con-
cist of pit run crushed to pass throu'n a 2. screen but
to beo rotoined on a - screen.

Lumber - The lumber for t:ze for: s sh2ll have a thickness
of 1 inch, shall be matcined and finished on one side.
“ne studdinz to be made of 2 x 6 material.

axcavation- Tine exer vation shall all be done by the
State but the contractor shall see that tre foundation
is cleared of all 1obse gravel and that the concrete

is vpoured on a solid foundation.

Concrete- The concrete snall be macihine mixed 2nd of
such cofsistency that it will flow into the forus with-

out the separation of the coarse as:-regate from the

mortar. 411 concrete shall be deposited in norizontal
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layers and shall be compacted by tampiny with a strai-ht

shovel until the surrlus water has risen to the surface.
Forus - Forme shall be substantial and unyieliinzy and
puilt co tna* the concrete will coaform to tne dcsign
ani ii:cnei-ns, 221 so constructed trat there will De
no lealzaze of zortar but have zates provided for the

esca

(e}

e of tne water thzt will rise to the top. The
forms are not to be removed witnin 36 hours of t..e time
of »nouringz,.

Proportioning- For portion of tne wall from the water
level to the foundaotion, one (1) part of cement, two
(2) parts stamp sand, and four (4) varts of large
arrregate. Tor the portion from the water line to the
top of tnes wall, one(l) part of cement, three (3) perts
stenp sand and six (6) parts of large agziregate.

- The firn of 5mith and 3parks sub-let tie bduilding of the
wall to a concrete construction com any of llenomince,.liciigan.
Th> price named being *11.00 a cubic yard, Smith and 3purks
to supvrly all necessery eruipment and handle the buying of
the materi-1l for them. The difference of '3.00 veinz esti-
met~d as t .2 vi:lue of deprecintion on the 2juipment lcaned
2 the Carlson Conpany.

Durinz the wransling over contract letting and sub-
letting, two rod men and mysclf staked out the wazll pre-
paratory to tne e:tczvation. The instrument was first set
un at tne snore end 53 feet to the left of station 780 -

59.2 andi 2 ta2mporery line run parallel to the center line

of the road, wooden stalzes beinz driven =t intervals of



twent;y fext alon- the line. The instirument waz tien

moved to a point 4. fecet to the left of station 787 -

00, or tre vpoint at shicii the wsll .ould eri. The crown

of the road at this station is Z5.5 feet above the surface
of the laze and with a road width of 24 fcet 2::d = slope

of the £i11 1 to 1. it wcoc necessary to place the irside

of the wall 2t a point 43 f:et to the left of tie center
line of the road, tiaus allowing tne fill to come within six
inches of the top of the wall. A vwoint wi:c then choscn on
the line previously found at station 783 - 96.6, this point

talten as the (PI) for thz curve o the walle. 3tulkes

=3

bé n

[S1e]

were driven along thics line at intervals of twenty fect.

aQ

The curve data deternined for the wall is as followvs:

AN 18° .44

o 4.1"

81° 77,42

D 19°

7 49.7°

71° 945.1

L 95.6

PI 783 - 98.6
BC 783 - 48.9
2T 784 - 45.5

After the curve data had oeen determined tn: ooden
stakes were removed on the first line run and 1." gas pipe
inserted. In order to run the curve it was necessary to
teite the insir ment in the water 2.1 vlace it over the (TC)

station 783 - 48.2. The poin%s on the curve were at intervals



of ten feet and were marked by gas pipe driven into
the lake bed.

In the excavation for the foundation of the wall, it s
was necessary to conduet the work on a State Force Account
Basis. The material to be removed was composed mostly of
beech sand and large loose roclkis. To remove this material
eisht men were employed as shovelers and two men employed
to blast away the larger of the rocis. The work of ex-
cavating began July 29th, 1919. The dirt removed being used
o form a brezkxwater to protect the trench from the action
of the water. As the work progre=sed, it was found necessary

to build a more nermanent form of breakwater. This was accom-

plished by chaininz o or more lozs together and sinking
them in the decired position by me ans of rock, removed from
the trench. The accompanying phnotographs show more clearly
how this was accomplished, ani the conditions under which the

men worked.







Due to the depth of the lake at the site the men were

uneble to wear boots or any other form of protection but
worked in the water at times up to their arm-pits. Extremely
bad weather made the work of excavating very slow and but
thirty fret of the work wis accomplished during the first

weelz.
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The excavation consisted in remdovingzg all the beach sand
and loose rock from a trench about ten feet wide, dizgzinc
until solid bed rock was reached (sketch on previous pacze).
After all of tre loose material hal been removed holes were
drilled in the rock about one foot deep and lisht charges
of powder set off. These charges removed all deco .nosed
rock and made a firm foundation for the wall.it first it
was thought best to blast a V shaed trench in the middle of
the larger one to ha2lp resist tne horizontal thrust of the
earth pressure but all blasts tended to raise toéo large an
area o< rocz. Iron rods were then used to anchor the wall
to its foundation. Two holes, 1. feet deep and 2 inches
in diameter were drilled 1 foot and 2 feet respectively
from t2 inside edze of the wall at intervals of six feet.

The method of anchorirnz these rods was to split them at one

2

enti avout six 1ir

»

ches, insert a tempered stzel .wedge and

place in the holes provided. 3y drivingz the rods with a

hnravy mallet the wedse,restiny on the bed rociz, would force
the svlit end apart and the rod would become firaly held in
the roeck. Thne rods were made of mild steel 1% inches in
diameter anl 3 f:et long.e The following photo snows the metnod
in whicnh the rods were placed and the counditions the nen

worked under.
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After the first week the work of excavating and plac-
iny of the tie rods just kept ahead of the construction
comncany but at no time during the makinz of the wall were
the forms setters hindered by lack of space in which to
place the forms. During hish winds it was necessary to
keep a man with the form setters to clean out what dirt
vould wash in the trench. The breakwater helped consider-
ably in protecting the excavation from the action of moderate
waves but whenever a storm arose the low breakwater was of
little value. Fhoto Io.5 shows how just a licht wind made
the waves come in, and several times the wind was strong

enouzh to drive the water as high as the road level.
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During the week that the excavation work was begun

the construction company "ad arrived on the job with their
ecuipment and had set up their camp, which consisted of a
sleepins tent, coock shanty, stables and cement shed. The
first work tiey did toward the actual construction of the
wall was to build the forms. The lumber used for these

forms ﬁas of pine ceiling six inches wide and ten feet long.
Ten sets, consisting of a froant face, rear face and necessary
braces, were made before any forms were sct in place. nhile
the carpenters were mnaking the forms it was necessary to

be constantly on the job to see that they were made accord-
ing to specifications. The slichtest variation in the di-
mension of an inside brace,altaough seemingly small, would
make a great deanl o” differmnce in the amount of concrete

the forms would hold.









In cettiny up the forns cere was taziten to have the
rear face parpendiicular. T.e¢ inslide braces wer: then
nailed on =21’ the outside face put in place. Tnes form Ffor
the rear w:s oraced firanly to the shore by mzans of a two
by Zour bracing. The front form was held in place by twist-
ing wire from the studdinz on the front face to the studd-
inz on the rear face. The wires were vlaced ei nteen inches
apa-t alon~ the len~th of tie stulding anl twisted tignt
enouzh t> resist the weignt of the wet csicrete. Lfter the
for:as had been firanly wired tozether ceuent boss full of
s-nd were placed alon- the base o: the outcside to prevent
any lenkage of mort-r wiile the forms were beiny filled. The
weicht of t=2 sond also el ed tesist the lifting action of
the water on the forms.

The followinx pi~tos shox clearly how the forms were
=2t up 224 now tic dracing wa: accomplished. Tns studs were
nlaced to fcet —rart and trnes braces used to nhold the seqtions

apart were o two by four lumber.
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As soon as enoux

would cstimate the -mount of concrete ther could pour in

tns dars run and the end board would be put in accordingly.
This end board not only served to keep the conerete from
running out of the forms but it also was duilt to carry the
form for the expansion joint, as shown on the plates. Before
any concrete wzs =llow2d to enter the forns it was necessary
to measure up the volume of concrete it would nhold. To do
this I took cross sections every five fcet alon- the length
of the forms my rodman holdins the rod at three different
points at the five foot section. The averaze height was in

this way determined and the average area determined for each
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section. TIlate Iio.8 shows the

ount of concrete “oured
during each day's work and also shows the amount of cement

and wrought iron pipe used. The notes for

e cross section-
ing are to be found in +ee=poglmeyr=txn the bock of this boolk.
70 -place the concrete in the forms the mixer was placed
on the road avove and the concrete conveyed by troughs to the
forms. The pump for forcing the water up to the mixer was
nlaced on the shore of the laxe and a one inch pipe laid along
the road to a voint about a thousand feet from the mixer
where a section of pipe about twenty feet in lencth was
raised into the air. To get water taps were provided along
the pipe at convenierit places. The object of the raised pipe
was “o ~ive the mixer a uniform pressure and the length of
nine acting as a reservoir. The materials for mixingz were

arranzed around the mixer as shown in the following photo.




is Page 20.

£ &

rclative position of

The ansle of the chute changes

for each location of the mixer.
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In order to tae care of the seevaze of water 1."

tat iron pives were placed at intervals of 20 feet.
The pipe was laid on a 10, slope, the lower end of the pipe
beinz about six inches abovs the mean water level. Surface

water is assumed to bde taken care of by flowing over the

top of the wall.
uch trouble was at first encountered in the pouring

of the concrete to get the mix into the forms at the proper

constituency because of the sldpe at which the chutes were
set. With the chutes set at a steep angle the large azsre-
gate would come down first followed by the fine mortar. To
remedy this leather sirips were placed at ansles to each

other in the trou-is,thus causing the concrete to flow more



Thesis

slowly end not disintesrate into a

ne mortar and coarse
aggregate. The first section poured showed results of

this separation but although not as compact as it should
have been the wall did not seem to be weakened because of
it. Care was ta:en during future pourings that the con-

the forms in a more uniform condition and

: was done nmore thorou




In order to heve “ie concrete roured in nori:ontal
layers tne chute was placed in tnhe 3i7dle of the section
and tne concrete fro. here :=vread vy hand.

Ore of tie Dbi~ wroble:s that confronted ws durirz the
course of ccrstruction occurred 2t a point where the ori~inal
roadwvey iec very narrow ani t.e drop to tie late very steedn.
The nixer witi its materials for nixing occuried consilerabdle
space and it weg imvcossitle to malintain tralfic =.ad nix at
the same tie. Thilis ovstacle wos overcomrme by noldin: up
traffic w.ile a bvatch w~s nixed and poured, tnen allowing
traffic to oroceed. ALltnouvh tiis nindered the speed of
construc ion it wss muen less ex:iensive tian odbullding a stag-
iny out over tine cliff.

T2 fToruas were resoved avout 43 nhours after tane con-
cre'e w s noured, care vei:n telen that tusy ware not demeged
and tnat the corners of tne wall were not broxen. In remov=-

4.

ins the Tors tie sand vays were taken away Fron the base of

orms tien tie wires were cub and the formas z2a28ily come
off. The braces w2re used over actin, as well =23 the rest
of the for.s, t .ey .e'ny rezxoved from their position as the

concrete filled tnhne scection.

L

ilorlx on the rest of the wall progressed ver; rapidl;
after *he firs% week cil very few delays were encountered.
Loc:z of cand or rain were the only tuinzs thet did dela- .s
but even *nen for not more than a day at e tise. Tne largect

vardage for =ny one iay was on august 23, 1919 wrhen "hey

Pilled a szction 55.8 feet long with a yardaze of 70.2 of
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concrete. During the entirz cons‘ructicn of the wall

it was necessary to al s be on the job in order that

the wall be placed on the ocroper line and that the proper
elevation be ziven for the top of the wall. - An inspector
was employed to be with the mixer to wateh the mix and re-
port an; inferior material being used.

The total time recuired to complete the wall was 30
he extra nu.ver of

d=ys of which 5 were to start

the excavating, 13 dsr's of aetuzl pouring and 12 in

laying of ~orms

cleaning up the debris after the job was

completed. The only finishing necessary was to brush the
face of the wall, remove all wires and cle:n awsy 211 signs

of con:“ruction ezuipment. The breckwater

destroyed as
t.e completion of “he wor: warranted oy first re.oving the

cuve aetion to tuze care of the cand




Tne folloxin: a2st mate i-

m2 the exuict crices paid for mate

ar2 $i0s2 obt~ined ron deslers in

671.2 cubic yards of concrete were poured whi:

the contract price of

39,395.80. The sun-lct

0

cuvie vard or .7,383.20, the diffcrence of

prrezentinz t..e depr=ciation and lozn of e

Contraect Price

Derrzciation znd loan of
ccouitment.

&
o
H

ILavor.

Ilo. Title Rate
1 Torom.n *10.00
2 Tulilers 7.00
o Sorn 3ntors .00
1 ‘huta mon 5.00
1 “nc 1n3er 3,00
2 Looct wnezler 5.00
2 3ﬂni ur?:l“rs 5400
1 s:mnt man 5.00

Jotal per day -

aterial. .

Tot2l lavor for .1 davs 73.00 X

705 barrels ol cemnent ’
tnclufing cacks 3.0

308 7ards of stams sand .75

620 vards gravel "-2%" 1.50

2400 board fzet 1 x 6 spruce
matched ceiling 30,00
1200 board feet 2 x 6 lumber 55.00
1200 »noard fzet 2 x 4 lumber 355.00
10 bundles for: wire 9 5.00
Various *inds of nails
Liscellaneoua exvenses
100 =~allons ,usollne «20

550 Teat 1L round 1.S.5%/ft. .05
200 L‘:Gt 11: X 1 a..:. C -:
wedzes 5F/ft. .10

Profit for sub-contractor not deducting office
nses -

tne contra.t.r

Wi s
rial.

tno

714.00 per cubic

contract price

275.00
21

exXxove

unwiilinz
2he »rices

viecint

rard

was for

.;10.00

14.00
16.00
5400
5.00
10.00
10.20
5,00

()

wipment.

cnly “n ocoiroxianate one

zive

«oted
tne voris.
i at

‘o

per

>,013.60 re-

9398, 80

1596.00

2115.00
251.00
930.00

216,09
78.00
78.00
50,00
10.00

100,00
20.20

195.30
100.0C0

7755.60

1561.21



4

Cne worit oonlicn the 3tate 11d took L0 duys #nd the

expense outswide of the snrineerinry is as follows:

Shovelers © .i15.00 per day 48,00
Drill men - 3450 13.00

8

2

1 Toom =ni driver 2.00 .00
1

1

Toreman 8.00 8.00
Inspector and
timeizeeper 4.00 4,60
Total expense per day £82.50

Tot2l exrense for tne 30 days work
* 30 x 82.50 = 52475.00
2ne hi-t cost of exzcavating was due to the fact that
the men ha1l to wori =t all times in water up to thair arm
nitz., Tho i~wh waze paid the men ~as necessary in order

50 ltecn “nen on the job and woriking under tre conditions

PR

mentioned.






The Contractor The Ensineer.

.
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In summarizing, the problem is divided into three
parts; the design, the construction, and the cost of con-
struection.

The wall could have been much more economically de-
s;;ned if exact data as to the nature of the fill dirt had
been obtained. At the time that the design wes made no
definite filler had been chosen but there was a possibility
of either having a f£fill of beach sand or one of a wet clay
aggregate. The decign was made o.. the assuzption that the
filler with the greatest horizontal component, beach sand,
would be used, and so the wall is over safe from the over-
turning 2nd crushing forces of the fill.

The force of the frost can only be assumed and it remains
*o be seen just what the action of an extremely cold winter
will have on it. The present winter has seen the temperature
at 40° below zero, much lower than has ever been previously
noted in that territory. The foundation for the wall is, I
believe, plenty low enough to be very little affected by the
frost.

The only criticism that can be offered in regard to the
construction is the inadequate machinery used. Jith 2 larger
mixer and a more effective means of obtaining water the work
co.ld have been completed much sooner, and in a better manner.
Delays caused by the lackz of sand were due entirely to the

nexlicence of the foreman. Orders for the stamp sand used were
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required to be in at leact three days in advance and near
the end of the job the foreman attempted to make what little
there was on hand last the rest of the job.

It is practically impossible to compare the cost of the
wall with anything else that the State Highway has built. At
no time previous have they built anything that compares gith
it either in design or the cnnditions under .hich it was con-
structed. The price of $14.00 per yard seems like a very
recasonable price for concrete work put in uﬁder the prevailing
conditions and althougzh the work was put in just after the
war I do not think that the pre-war prices would have been
much less. The cost of constructing concrete higﬁways in the
vieinity is about 312.50 per cubic yard and this does not in-
clude any reinforcements or dreinage. The fact that the wall
had to be poured under water and that the mix was of two
different proportions easily licenses the difference between

the prieces for roads and of thet for the wall.

o« g
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