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INTRODUCTION 

To the Field Engineer: 

This manual is prepared to ass ist you in so di schargi ng 
you r duties Lhat•your work will harmonize with the methods 
and requiremenLs of tile general office. You should first be
co m e fa miliar with the regulations he r ein outl in ed. Next you 
should master the details of the particular piece of work to 
which you hav e been assigned. 

Wh e n yo u show up on a job, you are, in the eyes of the local 
people, the State Hig hway Commission. H you make good, 
the Commission makes good. H you fail, the Commission 
fails. You may be a hundred mil es or more from the district 
headquarte r s and twice that distance from the general office. 
You are, largely s peakin g, your own boss. This places on you 
entire r est>ons,ibility for your con du ct. You must often be 
your own judge Of th e propriety of any given course of action. 

Your first duty is to e ffi cie ntl y, accurate ly, and honestly 
perform th e duti es ass igned to you. Your n ext duty is to 
mak e friends of a ll those with whom you come in contact. If 
you fail in e ithe r of these, you have not made good. Th e peo
ple a long the road will a ppreciate informat ion r e lative to t il e 
improve ment proposed. Th ey will ask ma ny questions. An
swer them courteo us ly. Go out of your way to give them the 
informa tion they want. W e hav e no place on our force for 
the man who g ives a smart or in sole nt reply to any inquiry 
Lhat may be made of him. Get acquainted with the ed itors 
of the local papers. Get t hem inte rested in your work . Take 
them out to see the job. Make friends of them. Get in close 
touch with the county board , the county e ng in eer, and the 
auditor. They can help you when yo u need it. R ememb er 
that if you make good, we wi ll hear about it, a nd it you fail 
we w ill hear about that also, even thou yo n are a long way 
from th e office. 

The resident engin eer or party chief is r espon s ibl e for llie 
ac tion s of those und er him, as well as for hi s own actions . H 
yo u hav e a ma n und er you who assumes that he is a superior 
sor L of individua l because h e is workin g for the state, fire him. 
We hav e no place for s uch men. 

Always assume that your work is wrong until yon h ave 
ch ecked and re-checked it to such an extent that you h ave 
eliminated every poss ibili ty of e rror. Never ignore a sugges
tion by anyone on the job, even though he be the lowest la
borer. He may be right a nd you may be wrong. I remember 
an incident that cam e to my atte ntion som e years ago. An 
e ng ineer was staking out a pi e r for a viaduct. The foreman 
of the pile driver doubted the accuracy of the m easu r ement, 
and expressed hi s doubts to the engin eer. The engineer's re
ply was, 'Tm doin g this m easuring." "All right," said the 
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fo r eman, "an d yo u ar e r espon sibl e if i t i sn 'L ri gh L." LaLer , 
a f Ler a con sider able quan t i Ly or work h acl been clo n e, i t was 
proven that Lhe eng ineer was w r on g. It cost t h e company 
m an y t h ousand s o f cl oll ar s. It cost t h e en g in ee r his j ob . H i s 
refu sal to li sten to t h e fo r em an 's doubts and to ch eck his own 
m easurem en Ls, m ean t t h e differ en ce between success ancl fa il 
ure. 

A noth er t hin g_ Ato icl all appearan ce of l oafi ng on t h e job. 
Never l et t h e m ember s of your en g in eerin g for ce tak e gun s, 
base ball s, bats, or other spor t ing paraph ern alia ou t to t h e 
w ork with th em . Yo u will get " in bacl " if you do. W e under 
stand , of course, t h at wh en t h er e ar e enough m en on your 
fo r ce to do t h e w ork prom pt ly ancl effi ci entl y, th er e ar e t imes 
wh en in the n atural progr ess of t he work, one or m or e of your 
m en w ill b e idl e for a sh ort. t im e. B u t t h e publi c does n ot un
der stand t h ese things_ They ar e l ook i ll g [or som ething to 
criti ci ze. D on 't gi ve t h em th e ch an ce. A r range your w ork so 
as to k eep each m an bu sy a m aximum p er ce n t of t h e Lim e. 
Get your m en on t !J t h e j ob promp t l y in th e m ornin g and k eep 
t h em t h er e un t il a full cl ay's servi ce has been r ender ed . Thi s 
w ill avoid much talk and cri t i c i sm from t he l ocal peopl e. 

F . R. Whi te, 
Chief E n gin eer. 
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PRELIMINARY SURVEYS 

O R GANIZATION 
Genera l 

All surveys on th e primary road system will be made by 
parties furni !thecl by the Highway Com miss ion. The regul a r 
pa rties ass ig ned to this work for a full season will us uall y 
con s ist of seven m e n, as fo llows: 

1 Chief of Party 
2 In strum entm en 
4 Roclmen 
Th e r egular pa rti es should be ke pt up to full str ength thru 

the e nti re field season, and vacancies s hould be filled by t he 
di strict e ngin eer or party chie f if possible . In a ll cases of 
discharge, resignation , cha nge of ass ignm ent or employ ment 
of new he lp Form No. 282 must be fill ed out a nd sent to t he 
ge neral' offi-ce AT ONCE. 

In some cases surveys may be mad e durin g the winter by 
specia l parties mad e up of m e n from other departm ents . The 
organization of s uch pa rti es will generall y be ha ndled by the 
district e ngineer s, and the work clone shall be in accord a n ce 
with th e r equirem ents of this ma nual. 

Equipm ent : 

Each r egula r s u r vey pa rty is s uppli ed with the following 
equipment: 

1 Berger transit a nd tr ipod 
1 Berger wye leve l a nd t ripod 
2 Level rods 
1 hand level 
3 100' steel tapes 
3 50' metallic tap es in cases 
3 fla g poles 
1 set chai ning pin s 
1 25' cha lk lin e 
2 ha nd axes 
1 chopping axe 
2 cha inin g plumb bobs 

12 tape spli ces 
1 8-lb. hammer 
1 pi ck 
1 s hov el 
Stakes, nail s a nd cloth used for ma rkin g t he cen terlin e 

may be obtai ned by th e party chi e f t hru the purchasing de
pa rtm ent, or may be purchased locall y or elsewhere when 
author ized to do so. Th e party chie f is to be r e imbursed [or 
expe nse of this nature as provided by the fiscal r egulations. 

Th e attention of a ll m e mbe r s of th e pa r ty is directed to th e 
in stru ctions rela ting to th e use a nd care of equipme n t, as 
printed e lsewher e in thi s Manual. These a r e to be con sicl-



er ecl as a pa r t o[ the s pecifi c in stru ctions to pre liminary sur
vey m en. Th e ir car e ful obser vance will operate to the mu
tu a l bene fi t or th e Commission a nd a ll employees co ncern ecl. 

Genera l Supervision: 

B efore a survey pa rty is s ta rted in hi s di s tri ct each di stri ct 
e nginee r will be advised of th e sur veys to be mad e in his di s
tr ict , and h e s ha ll , rnep th e ge ne ral offi ce advisee! as t o prog
ress m a de a nd a ny changes in th e progra m which appear a cl 
vi sab le. 

The s urv ey party shall be und er th e d is tri ct engineer 's 
s uperv1 s1on. The chie f of pa rty sha ll ta k e up with th e dis
trict e ng ineer all qu estions con ce rnin g th e surveys and shall 
look to him for in struction s . Th e chi e f of pa rty shall make 
ou t each cl ay duplicate copies o[ th e da il y r e por t , Form No . 
307, a nd se nd one copy to the di s trict o ffi ce and one to th e 
ge ne ra l offi ce. These r e ports a r e to be sent in a t lea s t twice 
each week, a ncl more ofte n if necessar y t o kee p th e office 
properl y advfsed~or the mov e m ents or progr ess of th e party. 
Th e di s tri ct engin eer or hi s ass is ta nt s ha ll vi s it the county 
fr equ e ntl y during th e surve y so a s to keep closely in tou ch 
wi th th e work. 

General Plan of Survey: 

Th e dis tri ct engin eer sha ll go ov e r th e ge neral plan of each 
survey with th e chie f of par ty a nd agree as to: 

1. Da tum to be used. 
2. Poin t of beginning of s urv ey a nd syste m of s tationing to 

be used . 
3. Points governing ali gnm ent. 
4. R elocation s. 
Each di s tri ct office ha s been s uppli ed wi th a ll ava ila ble in

form a tion r elative to U . S. G. S . be nch ma rks and othe r exi s t
ing leve l circui ts r eferred to sea level. Wh er ever possible, 
sea le ve l da tum should be used. 

It is des ira bl e th a t th e re should be only on e station zero 
on each proj ect. In genera l th e s urv ey on ea s t and west 
roads s houlcl begin a t th e west encl and on north and south 
road s should begin a t the south end. 

Importa nt bridges, cemet e ri es, s tream s and other topo
g raphi cal features often con s titute points whi ch will contro l 
th e alignm ent and mu s t alw a ys be g ive n cons id e ra tion in 
locating th e cen ter lin e of th e surv ey. 

Th e di stri ct e ngineer shall investi gate full y all r elocations 
th a t ma y a ppear feas ible and s ha ll in stru ct the chief of party 
to ma k e s uch r elocation surv eys _ If in doubt a s to th e fea si
bility of a ny r elo cation tha t prese nts itself, a survey should 
be ma de . It is much better to survey a number of reloca
tions that are later abandoned than to fail to survey one 
which later proves desirable. 

The dis tri c t e ngineer is r espons ibl e for outlining all relo
cation s a nd h a vin g surveys mad e . This doe s not r e lieve the 



chi ef o[ party Crom his obligation to at all t im es look fo r op
portunili es to take adva ntage of conditi ons a nd improve the 
general qu a li ty of the surv eys. If at a ny t ime it s hould ap
pear that the di strict e ng in eer has over looked a ny feasible 
r elocations or other features of the project , the chief of party 
should call thi s fact to t he distri ct e ngin eer 's attention. 

The district engineer shall report fully to the general office 
relative to a11• relocations which are to be surveyed. These 
reports shall contain sketches of all such relocations. 

Sketches should be approximately to scale so that a goocl 
idea of the proposed a li g nment m ay be obta in ed th er efrom. 

DETAILED INSTRUCTIONS 
Genera I: 

The chi e[ o[ par ty shouid co nstantly bear in mind that the 
office m a n who works up the notes may have no fir st-hand 
knowl edge of fi eld condition s; he mu st necessarily base the 
design on the in format ion con tain ed in th e notes, a nd the 
value or• tha- compl eted plan s will de pend entire ly upon th e 
car e with which th e survey is mad e and recorded. 

In the in stru ction s wh ich fo llow, a great many points have 
been cove red , but it is imposs ibl e to a n t icipate a ll condition s . 
The chi e f of pa rty will doubtless e ncounte r many s ituat ions 
not m e ntion ed h er e. To make sure that nothin g important 
is omitted, get everything that will have any bearing on any 
phase of th e improve m ent. Unnecessary information does 
no harm , but lack of information will m ean delay in com
pletin g the plans and anoth er t rip into th e fi eld to secure the 
mi ssin g data. 

To full y a ppreciate the needs of the designe r s, the field 
m a n should fa miliarize himsel[ with the detail s of completed 
plans. The fu ll est co-operat ion between fi e ld and office forces 
is necessary. Under no other condit ions can th e bes t results 
be obtained. 

Keeping the Notes: 
Th e notes in each book must be compl ete ly indexed, and 

the fir st few pages sha ll be reserved for th is purpose . Care 
should be taken in indexing alternate lines to r efer to the 
sam e let te rs or numb er s by whi ch the va riou s lines are de sig
nated on t he sk etch m a p. 

Th e notes sha ll show (pre fe rabl y in the fir s t alignment 
book ) a sketch map of t he entire project, drawn approxi
mately to scale with the lin e or lines as surveyed pla inly 
marked. All r elocations or alternate lin es shall be indicated 
by a system of letterin g. U the chi ef pa rty so desires, he 
may use a print of any s uitable map instead of drawing a 
sketch ma p, a nd if thi s is clone the print is to be pasted in the 
first a lig nm ent book. 

Th e note books s hall be number ed. Th ey sha ll bea r a 
seria l numb er and a lso s how the total number of books in the 
se t. For example, 1 of 6, 2 of 6, 3 of 6, etc. 
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,., 
In keep in g the notes o[ the transit survey the a r rangeme nt 

show n on P lates A a nd B shall be fo llowed . Her e t he sketch 
appear s on t he r igh t-hand page plotted up from the bottom . 
The s tation number s w ith a dditiona l notes a ppear on the left
ha nd page. It is not necessar y tha t any fixed length of road 
be cove red on a doubl e page; s u ffi cien t space sh oul d be a l
lowed t hat the notes w ill not be crowded. 

T he fo r m fo r keepi ng the leve l notes is show n on P late C. 
Th ese a re carri ed up from t h e bottom of the page, whi ch 
lea ves no doubt a s to w hi ch sid e of the road the n otes re fer. 
Always leave a lin e be twee n t he station s so that w hen th e 
notes a re r edu ced ther e wi ll be a mple r oom to w ri te in th e 
elevat ions . 

Th e na m es of the par ty, el a tes, weathe r cond iti ons, etc., 
shou ld a ppear at in te r vals t hru the notes, so tha t t he work 
of the diffe r en t men and th e condit ions und er w hi ch t he 
wor k was clone ca n la te r be identifi ed. 

Staking the ' Lin#: 

Th e fo llow in g meth orl s hould be fo ll owed in stakin g the 
lin e : 

I. Set a ll hub s on t he ce n te r lin e in t he ir t rn e posi
t ion s. 

If. Set adjacen t hubs a t s uch s tations that each can 
readil y be seen from t he oth er. Thi s w ill u sua lly be 
on t he tops of hill s or rid ges. 

III . In no case sh oul d hub s be more than on e-half mile 
a pa r t even thoug h it may be possible t o see fur ther 
tha n t hat distan ce. 

IV. F or a ll hubs u se 2"x2"x l 8" ha rd w ood stakes . 
V. Dri ve a ll hub s clow n un t il the tops a re three in ches 

below the gr oun d surface. 
VI. All hu bs sha ll be re fe r e nced to fou r poin ts so located 

that a line dra wn be tween th e diagona lly opposite 
refe r ence poin ts w ill in te r sect a t t he hub . Give the 
di stance from each r e fe rence poin t to th e hub . 
(Plate A.) Note: If the chief of par ty so des ires 
he may set aside several pages of the n otebook on 
whi ch de tail ed refe re nce data fo r a ll hubs is re
corcl ecl . 

VII. Th e r efere nce poin ts s ha ll in a ll cases b e located 
fa r e nough a way fro m t he cen te r line to be well ou t
s ide of t he lim its of th e cuts or fi ll s . If possible, at 
least two of the r e fe r en ce poin ts sha ll be located on 
trees, buildin gs, or other perm a ne nt obj ects. Th e 
other two r e fere nce points s hou ld be located so that 
a n in strum en t can be set up over t hem. 

VIfI. W he re no other s ui tabl e r e fe r e nce poin ts a r e avail
a bl e s tak es sh oul d be used. T h ese s lakes sh all be of 
th e sa me size a nd qu a li ty as th e hubs . All r e fe r en ce 
stakes sha ll be dri ven flu sh with the g roun d surface, 
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PLATE C. 

and the locati on shall be indicated by sui table guarcl 
stakes . 

IX. On tangents or on curv es set a centerlin e stake on 
each side of each watercourse wh ere a bridge or 
culvert is r eq uired. These stakes should be back 
thirty or fo r ty feet from th e st ream bank so as to 
not be di sturb ed by the excavation. Such line stakes 
sh all be driv en until their tops are th ree in ches be
low the ground surface, a nd sha ll be r e ferenced to 
convenien t points, such as corn ers of old bridges, 
t r ees, telephone poles, etc. If no such conveni ent 
r eferen ce po ints exist, th en s takes sha ll be used fo r 
r eference points . On curv es th ese centerline stakes 
can be located at convenient stations whi ch will be 
located in the ordin ary pro cess of running ou t t he 
curv e. It is no t necessary ill set s pecial points on 
the curve for these s takes . 

Note: In settin g line sta kes at bridges or cul
ver ts, use small stakes, t hat is stakes a bout 
l ½"x¾ "xl2" to 15". Do not use the 2"x2"x l 8" hub 
stak es as the small stak es will serve the purpose 
and are less expensive. 

X. The ordinary s tation poi nts betwee n hubs need not 
be staked in a perm a nent way. Where th e line is in 
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tho t l'avelod pol'tion of Llie r oad , il will ol'len lJ e 
found conve ni ent to use spi kes w ith a small piece of 
cloth attached for marking stations. In su ch cases 
s ma ll stakes bearing the station numb er should be 
set at tho s id e of the road oppos ite t he s lation 
point. On r elocations a nd on por t ion s of th e road 
wh er e the cen te r lin e is off th e traveled way, tlie 
s tat. ion s ma, be ma rke ll IJ y sma ll stakes at. the sta
tion points . 

Alignment and Right of Way 

Location of Center Line: 

One of th e most diffi cult features of th e fi e ld survey is the 
de termin ation of right ol way limits ancl the proper location 
of the center lin e . In fl at or gently rolling country where the 
road s follow Janel lin es and wh e l'e r e-location s are not neces
sary, the problf m is very mu ch simplifi ed. In hill y country 
and on a ngling roa"c!s, the most mature judgm e nt on the pa.r t 
of the chie f or party is r equired. In many s uch cases the 
loca tion of t he road as shown by the r ecords does not in any 
way conform to th e road as now trave led. Th e fo llowin g 
general ins trnction s should be follow ed as closely as poss i
bl e, but ma ny cases not covered by these in stru ction s w ill be 
e ncoun ter ed : 

a. Get copies of a ll r ecords in the co urthouse r elative to 
the location , establi s hm ent, a nd righ t of way of the 
road includ ed in th e project. 

b. Run center lin e before runnin g bench leve ls. 
c. If the established location fo llows the present road , 

and the lo cation a nd al ignment a r e des irable, t'ollow 
the esta bli shed lo cation. 

cl. If the esta bli shed location does not fo llow the present 
road , the choice as to wh ich to follow will de pend on a 
corn pari son of th e two lines as to: 

1. Topograph y 
2. Alignm ent 
3. Improvem ents on or a lon g th e present roa d . 

Unless th er e is a decid ed advantage in favor of the es
tablished location , the s nl'vey should in general foll ow 
t he present road. It should be noted that which ever 
a lignment it is determ in ed that the survey should in 
general follow, r elocation s may be mad e to take ad
va ntage of th e topographical features, to better the 
alignme nt or to ma ke th e lin e conform to existing per
m a nent improvement on or along the r oad. 

e. In cases where the alignment follows land lines, or 
where a la nd monum e nt is located on or near th e a lign
m ent chosen, a dili gent effort should be mad e to fincl 
the monum ents, a nd t he lin e should be tiecl to a ll such 
monumen ts t hat can be found. H a monume nt cannot 
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be found, no elaborate la nd surveys should be ma de to 
locate it. 

f. Man y existin g bridges a nd culve r ts w ill no t conform to 
t he center lin e of the road on which t h ey are located. 
ln t he case of important perma nent structures th e lin e 
m ay be varied so as to conform , but this is not a lways 
a dvisabl e. The chi e f of party mu st u se hi s judgmen t 
in this • matter, takin g in to cons ideration the a moun t 
of variation of lin e necessary, the s ize a nd impor tance 
of th e strncture, and a ll other facts in the case. In 
m a ny in stances it would be poor practi ce to make such 
va riation in the a lignm ent. 

g. Wh e re the r ecord s sh ow t he right of way lin es, the 
n otes sha ll s how t he position of these right of way 
lines wit h r efer en ce to the center line . 

Relocati ens: 

Be fore makin g r elocatio n surv eys the di stri ct e ngi nee r or 
chief of" pai:.ty sh all a lways look up the land owner or tenant 
a nd acq ua int him with the intenti ons of the party, A li tt le 
con sideration thus shown , prev ious to the survey, may c1o 
mu ch to avoid fri ction w ith owner s ol' pr ivate property. 

R e lo cations may be divid ed in to fiv e classes, na mely, r e lo-
cation s to improve : 

a. Grades, 
b. Alignm ent, 
c. Railway crossin gs, 
cl. S t r eam crossings, 
e. Location. 
No fix ed rnl e can be set fort h und er whi ch th e selection or 

r e jection of a r e location can be de finitely de t ermined upon . 
The so lu t ion of s uch problem s must be le ft to indi vidua l judg
me n t. Th e location of a highway is its most lastin g feat ure 
a nd it i s, th ere for e, imperative that a ll a li gnm e n t or location 
probl em s r eceive ve ry careful atten tion from the most expe
rie nced m en avail a ble. 

It will often be found that a r elocation w ill fa ll in more 
than one of th e a bove classes, a nd it also often happen s t hat 
a r elocation which would improve the road in one r es pect 
may prove to be detr im enta l in other r espects; i. e ., a r elo ca
tion to avoid stee p grad es m ay r equire t h e u se of ali gn m e n t 
not as good as th e original. In such cases r ecomme ndations 
should be mad e by th e district engineer only a fter car e ful 
consideration has been g iven to th e need for the relo cation 
a nd the advantages a nd di sadvan tages of a ll a lternate routes. 
ln making such a stud y it will often be fo und t hat a much 
better idea of the layout as a who le can be obtained by plot
t in g on the sa me sh eet a nd in the ir t rne r e la tion to each 
other, the a lignm ent s ketches and proftl es of the various 
routes in que s tion. Several sketch es of t hi s kind have been 

l
' prepared in th e central office a nd sampl e prints wi ll be sen t 

to the di strict engineer s on r equest. 
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In the past, much trouble and delay have r esulted from 
unsatisfactory a li gnment. In many cases it has been neces
sary to send the party back fo r add itiona l relocation surveys 
before the project plans cou ld be completed . It is seld om 
t hat such extra work shou ld be necessar y an d it is believecl 
t hat stri ct observance of the following rules will resul t in its 
elimin ation : 

A. Send in a lig1nnen t sketch es of all projects s h owing a ll 
proposed relocations. 

a . In cons id erin g the n ecess ity for re location sur
veys the district engin eer s must take in to con
s id eration their past experiences with the gen
eral office as well as their own personal judg
ment. It is well to re mem ber t hat we a r e now 
ma kin g r elocations which probably would not 
have been mad e a year or t wo ago_ 

b. Sketches shou ld be approximately to scale so 
t,.hat a good id ea of the layo ut can be had. 

c. Sketc'lrns should r each the central office so me time 
before the pa rty completes the su r vey so that if 
it is felt that ad ditiona l surveys should be made 
it will not be n ecessar y to bring the pa r ty back 
from so me other job. 

B. In case of doubt as to t he feasibility of a n y relocation 
a surv ey s hould always be m ade. 

C. In genera l where r elocations are su rveyed a sur vey 
sha ll a lso be ma de over t he old road . The necessity 
for this will depend upon local conditi ons. If it is at all 
likely that a relocation would meet with lo cal opposi
t ion a complete survey mu st be made over the old r oad . 
11', however , all parties concern ed agree on a r eloca
t ion a survey over th e old road would not be necessar y. 
Th e district engi neers must consid er each case sep
a rately and decid e accordin g ly. 

In all cases where r elocations seve r the conn ections 
between secondary roads a nd th e primary r oad com
pl et e surveys must be made for connection s which will 
properly serve tr ibutary traffi c. 

In a ll cases where r e locations do not leave t he olcl 
roa d over, say 800 feet, a nd where a compl ete s urvey is 
not m ade, the notes sha ll show t he alignment of the 
old road eith er by offset t ies from the survey center 
lin e or by a separate traverse. 

D. In runnin g r elocation surveys the chief of party shall 
set s ubstantia l stakes at a ll points where the center 
lin e crosses fences. The center lin e sha ll a lso be t ied 
in to nearby objects, such as prominent t r ees, buildings, 
field gates, fence corn er s, etc. Such stakes a nd t ies 
a r e of mu ch value when tracing the co urse of a lin e on 
field examin a ti on. 

E . In locating a lin e near a str eam or water course gr eat 
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car e m ust be exer cised Jest t he ear thwork on the pro
posed lin e encroach on the ad jacen t str eam in s uch a 
ma nn er that the latter cann ot be prope rl y ha ndled. U n
less it is pla inly e vid ent that no t rouble would occur 
th e chi ef of pa r ty should never pass over s uch places 
wi thou t first pl ott in g the cross sections at the criti cal 
po in ts a nd a lso p lottin g on the template lines to a n 
ass um etl gr ade lin e, in ord e r to assure himself that the 
p roposed lin e is feas ible . In m a ny cases it w ill be n ec
essar y to locate th e course of a str eam or ditch for 
. ome di stan ce ou ts ide th e ri gh t of way lin es, for exa m
pl e, w hen it a ppear s desirabl e t o m a k e a channel 
cha nge in conn ecti on with bridge work or to prevent a 
stream from en cr oachin g on t he r oad. Th e distri ct en
g ineer s hould becom e sufficientl y famili a r with the to
pograph y and n eeds of t he r oad that h e can outlin e 
s uch s pecia l surveys to t he fi eld pa r ty earl y in the 
s urvey so that t he chi e f of pa r ty may pla n hi s work to 
bt>tte i; advantage . 

F. It is of ten fo un d des ira bl e for va rious r easons t o shift 
t he cen ter lin e a [ew feet a fte r the pl a n s have been 
prepa red. Thi s a ppli es to exi stin g roa ds as well as r e
locat ions. Distri ct eng ineer s should k eep thi s in mind 
whil e goin g over a proj ect wi t h a pa r ty chief a nd s h ould 
in s tru ct him to ex tend th e cro ss section s beyond th e 
us ua l limits wh er ever it appear s t ha t su ch informa tion 
n1i gh t he use ful . 

Intersection Angles : 

In te r section a ngles, h owever s ma ll , sha ll be m easured an d 
r ecord ed . All in te rsection a ngles s ha ll be m easured by the 
r e petit ion method . 

Horizon t al Curves: 

At a ll poin ts of intersedion wh ere the inter section a ng le is 
great er tha n 2 degress, hori zo nta l c urves sha ll be run in , a nd 
t h e stat ionin g s ha ll be carri ed con t inu ous ly a round s u ch 
curves. In runnin g in curves the data g iven in t he H ARGER 
& BON NEY HIGHWAY ENGINE E R 'S HANDBOOK sha ll be 
fo llowed. 

Curves sha rper tha n a 6-clegree cur ve sh a ll not be used ex
cept at ri gh t-angled turn s a nd in oth er specia l cases whe r e 
sharper curv es must be u sed. 

A 6-d egr ee curve is not to be co ns idered as standa rd for all 
curves exce pt at righ t-angled t urn s. On r e locations th e de
g r ee of cur ve used may occasiona lly depend upon the cen t r a l 
a ngle, bu t in gene ra l it is desired to h old to a 4 or 5-degr ee 
curve as the maximum wh e re condi t ions w ill permit. U nd er 
some conditi ons it mi gh t be advisabl e to u se even a fla t ter 
curv e tha n 4 or 5 degrees. For exa mpl e , wh e n following a n 
exi s tin g road la id ou t wi th curves fl atter than those m e n
tioned a bove, when runnin g a r elocation pa r a llel to a r a il -
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road track, or when the profile or gene ra l location at the 
curve might be improved by throwin g the cen ter lin e a gr eat
er di stance in from t he P. I. 

When condi lions will a ll ow it a 10-degree curve s ha ll in 
gene ra l be used at right-angled turn s . In many cases build
in gs, orchard s, ce meteri es, etc., will necess itate the use of 
curves s ha rpe r t ha n 10 degr ees . In s uch cases th e fl attest 
curve possible shoul'cl be run in. 

Drainage 

Bridges and Culverts: 

Th e chie f of party is required to secure a nd r ecord the fo l
lowing data fo r each ex istin g bridge a nd culvert or s ite 
wh er e a dra inage stru cture is r equired : 

(a) Size. Determine le ngth of each s pan a nd width of 
roa dway. Clear roadway is the di stance measured at ri ght 
a ngl es to the cente r lin e o f t he hi g hway between ha nd rails 
or parapet wa-11 o_p culverts, or between ins id e of hub guanl s 
or curbs on bridges. Wh er e no hub guard or curb ex ists, 
r ecord th e di stance between h a nd ra il s or truss m e mbe r s. 

Th e span or open in g of culv erts should be the clear open
ing measured at rig h t a ngles to the cen ter lin e of the ba rrel. 
On trusses, I-beams, etc., g ive th e c. to c. of bearings. For 
a r ch es th e di stance between s pring lines m easured at ri ght 
a ngles to the barrel, should be given. 

(b) Type and Condition. Indicate type of stru cture with 
probable el ate of er ection or con stru ction it known; also t he 
condition or state of r epair of e xi sti ng structure. 

(c) Number of Spans. For multiple span culve r ts or 
bridges show th e a rrange ment of spans and approaches . 

(cl) Dra inage a rea. Th e pa rty chi ef is r equired to walk or 
drive a r ou nd a ll drainage a r eas of a pproximately 1300 acres 
or less a nd to plat the location of t he divide a nd str eam loca
tion on Form I-C (Pink Sheet) . He s ha ll indicate on this 
sketch the section, quarte r section , a nd quarter-quarte r sec
tion lines. 

(e) Elevation of Highwater. In giving the elevation of 
highwater , the Chi e f of Party s ha ll indicate the so urce of his 
information, el ate of occurrence, a nd whether the e levation 
shown is considered by local resid ents as bein g ordinary or 
maximum highwater. On t he larger stru ctures great car e 
should be exer cised to determine t hi s inform ation accurately, 
a nd the notes shou ld preferably show hi ghwater elevations at 
sever al points in the vi cinity of the bridge. The low water 
elevation at th e bridge site at the time of the survey shoulcl 
be record ed. 

(f) Elevation of presen t grade over culver ts . 
(g) Elevation of present grade at each e ncl of bridge. 
(h) E levation of inlet a nd outlet end s of culv erts. 
(i) E leva tion of s tream bed at bridge site. Th e e le vati on 

of stream bed at the bridge site as r ecorded sh ou ld be 
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the norm a l e le vation of tlw stream becl in the imme
di ate vicini ty or the bricl ge. Readings shoulcl be 
taken, however , in hol es or depressions adj acent to 
the bridge to indicate probable depth of scour. 

(j) Stream Characteristics. The Party Chief s hould re
cord all available information on the nature and 
a mount of clrift a ncl ice carri ed by the str eam at hig h
water• as well as data indi catin g whether the str eam 
is cutting or fillin g. 

(k} Profi le e le vation s of str eam bed each way from bridge 
or culvert. A profi le is requ ired to b e furni s hed by 
th e Chief of Party showing the str eam bed e leva
tions for 100 feet each way from each culvert, a nd for 
a distance of at least 500 feet each way from each 
br id ge . 

In taking notes to s how the slope of the stream bed 
each way from the bridges and culverts, three cases 
will be e ncounte r ed: 

• a., Where th e general direction of the stream is at 
right a ng les to the roa d. 

b . Wher e the genera l direction of the strea m is not 
at right a ng les to the road. 

c. Wh er e there is a com bi nation of "a" a nd " b. " 
In th e first case, a cross section tak en at the center line 

of th e str eam and extendin g out th e necessary dis tan ce each 
way will give the desi r ed data. Th e notes should show that 
thi s cross section is taken to show str eam bed elevat ion aucl 
is not to be used for computing qu antiti es . 

In the second case, the cross sections on e ithe r s id e of the 
brid ge or culvert should be extend ed far enough to show an 
e levation on the str eam bed th e necessary di stance both 
above a nd below the road. These cross section s will be 
t a k en at ri ght angles to the road in a ll cases. Th e e leva
tion s on the st ream ba nk a nd str ea m bed should be indi catecl 
in the notes by su itable letter s. It should be noted her e that 
on a skew culvert th e e levation of head wall ancl fl ow lin e at 
both e nd s cannot be shown on the sa m e cross section. Two 
cross section s will be required. 

In the third case the e levation s on stream bed will be se
cured by a combination or the me thod s used in th e oth er two 
cases. It should a lways be r em ember ed that e levat ions on 
s tr eam bed should a lwa ys be ta k e n the sam e way as any 
cross section ; i. e ., in a practically straight lin e a nd at right 
angles to the road . 

Wh en a stream or ditch is not at righ t angles to the road , 
the cross section notes s ha ll show accurate ly th e location of 
such s tream so lon g as it r e ma in s within 200 feet of the center 
line of th e road. 

(I) Elevation and lo cation or ex istin g h eadwall s on cul 
verts. 

(m) Soundings. Wh e re data is obtained of valu e in in
indi cati ng the existe nce or rock ledges or the condi-
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t ion o[ fo unclation materi a l, g ive Lhe source o[ infor
m alion a nd the exact e levations at whi ch t hese fo un
dat ion materia ls will be tu ond . 

(n ) T opographi c Surveys . Detail ed in stru cti on s will be 
fo und e lsew here in Lh is ma nu a l coverin g topogra phi c 
surveys, 

The di stri ct engin ee r, coun ty eng ineer , a nd t he chi e f of 
par ty will complett th e bridge a nd cul ver t s ur vey, a nd make 
de fini te recomm e ndations as to size, type and elevation of 
g rade fo r each stru cture. 

F or s tru ctu res to be re modeled, th e di s trict eng ineer shall 
ind icate to th e pa r ty chi ef t he additiona l fi eld da ta r equired 
in th e preparation of t he design by the b ridge de pa r t m en t. 

A fi eld m a nu a l of in str uct ion s fo r m aking bridge a nd cul
ver t surveys has been issued by th e Commission. Copies or 
thi s m a nu a l will be su pp li ed t he chi ef of par ty from the dis
t ri ct offi ce. 

Don 't forget that the s ui tabili ty of th e desig n whi ch is pre
pa r ed will <l e pe n-t'l la rgely upon t he complete ness a nd cor rect
ness of t he notes whi ch you s up ply. T he design er will not 
have seen t h e site a nd he mu st depend w holly up on t he rec
ord of fi e ld conditi ons furni s h ed by the chie f of pa r ty, 
Tiling: 

The notes sh oul d show t he s ize and location of a ll t ile a nd 
intakes whi ch have been la id on or acr oss th e roa d . Thi s 
data can best be obtain ed fr om th e co un ty e ngineer or loca l 
dra inage eng in ee r. Whe r e local dra inage distri cts ha ve been 
constrn cted the par ty chief s h ould , if poss ible, secure blue 
prin ts of t h e pla ns u sed in constrn ctin g the district. Th ese 
a r e pa r t icul a rl y use ful in det ermining ou t let s fo r additiona l 
t il e to be placed a long the roa d. If s uch blue p rin ts cannot 
be secured as m uch of the data as is necessar y s hould be 
copi ed in t he notes. 

Drainage of Intersecting Roads and Driveways. 

Th e direction of fl ow of sur face drainage at in ter secting 
roa ds s ha ll be indicated in th e n otes by a rrows. The dra in
age a r ea, size, type a nd conditi on of all cross road a nd drive
way culver ls is a lso to be shown. 

Miscellaneous Data 
Pluses: 

As Lhe t ran s it pa r ty proceeds t hey sh ould take plu s meas-
urem ents to the fo ll owing : 

a . Corn er stones. 
b. Section and qu a r ter section lines . 
c. Div ision fe nces . 
cl . Side roa ds. Angle between sid e roads and center line 

of survey sha ll be show n. 
e. Buildin gs, g iving e xact di stance fr om cen ter lin e if 

wi thin or immediately ad jacen t to th e ri gh t o[ way 
lili es. 
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I 
. 

I -

r. 

g, 
h . 
i. 
j , 

k. 

I. 
m. 

Rows of trees- kincl, usefuln ess, s ize, a nd di stan ce 
from cen ter lin e. 
Existing tile lin es, s ize a nd outl et. 
Fi eld a nd yard dri veways . 
Sidewalks. 
All culverts a nd bridges. Pluses to center lin e of cul
verts is suffi cient, but for bridges g ive plus to both 
end s. • 
T e leph one a nd transmiss ion lines, distan ce from cen
te r line . 
Guard rai ls a nd r etaining walls, s howi ng le ngth. 
Gravel pits. 

P ro perty Ow ne rs : 

A separate sketch or skeleton ma p to a s ma ll scale sh ould 
be prepared, show ing the names of the various Ja nel owners 
a long the road. This information may be secured from resi
clents, but perhaps m ay be obtainecl eas ier and qui cker by 
r efe rrin g to -the county a uditor 's r ecords. 

Unusu a l Soi I Condi t i ons: 

The occurrence and extent or sand pockets, g ravel knob s, 
solid or loose rock , 3prings, swampy places, or a ny other un
usual soil condition s should a lways be noted. 

Ra ilroad C rossing s : 

On federal a ncl state a icl projects all railroad grade cross
in gs will be eliminated if poss ibl e . If it is not possible to 
eliminate a grade cross in g, s uch crossing will be improved in 
the bes t ma nner possible. Th e district eng ineer will outline 
to the chief of party the surveys that sha ll be made at each 
crossing. 

In many cases it will be found that the railway a nd high
way grades have a lr eady been se para ted. In cases wher e 
the highway passes uncl er the rail roa d the cross ing is known 
as an und ergrad e cr ossing and where the h ig hway passes over 
the r a ilroad the cr ossin g is known as an overhead crossin g . 
For und ergracl e crossings the notes s ha ll a lways s how the 
fo ll owing information: 

a . Type of structure. 
b . Horizontal clearance at ri ght angles to cen te r lin e. 
c. Vertical clearan ce. 
cl. Elevation of top and base of rail. 
e. Numb er and location of pile bents, if a n y. 
f. Number of tracks. 
g . Length and position of wing walls, if a n y. 
h . Drainage. 
i. Angle b etw een cen ter lin e of railroad a nd ce nter line 

of highway. 
j. Sketches, both in plan a nd e levation. 

For overh ead cross in gs th e notes shall al ways s how the fol 
lowing informati on: 
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a . Type o( s lru ct u r e. 
b. Width o[ roadway . 
c. Verti ca l clear ance over t r ack. 
d . Ground profil e across t r ack. 
e. R oad profil e el evation at t he end of l h e structure and 

at each ben t. 
L An g l e betw lien cen te r li ne of r a ilroad and center line 

lin e of highway. 
g. Sketch es as noted above. 

Th e distri ct. en gin eer w ill outl in e any additiona l n otes that 
ar e n ecessar y . 

Ra ilroad Bridges and Culve r ts, and Location . 
Wh en a railroad com es within 500 feet of t h e high way the 

fo llow ing data on such rai l road shall be secured: 
a. Locat ion of center line of ra ilroad w ith r espect to th e 

cent.er line of th e highway. 
b. E l evation of base or rai l at i nterval s not ex ceeclin g 

500 feet.., 
c. Locati on , si ze an cl type of all bridges ancl culverts on 

the rai l roacl , t h e w aterw ay, ancl th e el evation of fl ow 
lines of w at er way stru ctures. 

Bench Marks 

Selection of Datum: 
Sea l ev el datum i s to be u sed wh er ev er t h e sam e can be 

obtainecl . If t h i s i s not avai l abl e, th e county clatum should 
be usecl. If n o coun ty clatum has been adoptecl, i t wi ll be nec
essary to assume an arbitrary datum , but car e shoulcl b e 
taken to assume the el evat i on of t he ori ginal ben ch mark at 
such hei gh t that all el evations wil l be plu s. 

Establishing Bench Marks: 
Bench marks shoulcl be es tabli shecl at least every 1500 feet 

ancl at closer in terval s in r ough country, particularl y at high 
and l ow poin ts. Ben ch m ark s sh ould be es tab li sh ed at each 
bi"iclge and culvert that wi ll probably be r ebuilt. Th ey sh ou lcl 
not be establi sh ed on objects whi ch are li k el y to be di sturbed 
prev iou s to or clurin g con st.rn ct ion, but r ather on su ch points 
as bridge seat s, wingwall s, h eadwall s o( c11lverts, stone or 
co ncr et e st ep s, etc. If such points ar e not availabl e, u se 
p i eces or gas p ipe or bar i ron about four feet in l ength, driven 
n earl y flu sh. Such ben ch marks shoulcl be so pl aced as to be 
visible in both direction s al ong t he roacl . In all cases th ey 
sh ou ld be car eful l y ancl accurately describecl so that th ey 
m ay be readi l y found for future u se. 

A ll ben ch m ar k s shall be number ed con secu t i vely begin
ning at one. 

Running and Checking Bench M ark Levels: 
B en ch l ev el s on an y porti on of t h e road sh all b e ch eck ed 

pri or to runnin g th e cross secti on l evel s on t hat porti on. In 
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PLATE D. 

runnin g ch eck levels each I.J en ch mark mus t be taken as a 
turning point in order to get a true check. The maximum 
allowable variation in the differ e nce of elevation between a ny 
two ben ch ma rks is 0.05 V di stance in miles . 

Should the variation in the differ e nce of e levation between 
two a dj acen t benches exceed t his a moun t, the check leve ls 
s ha ll be r e-run between these bench es until two differen ces 
of elevation between th ese benches check wit hin the a bove 
limi ts. Th e chi ef of party sha ll the n make up a be nch mark 
ad justm en t sheet (see Plate D ) on whi ch the benches a r e 
listed. In the fir st column s how the bench mark numb er s. ln 
the second co lumn sho w th e station of the bench m ark. In 
the th ird co lumn show the book and page numbers where de
scrip t ion of t he bench w ill be round . In t he fourth column 
s how the elevation of each be nch a nd the differen ce in ele
vation between each two adjacent benches as obta ined by 
th e firs t ben ch leve ls. In the succeeding column s show th e 
corresponding elevations a nd differ en ces of elevations as ob
tain ed by s ucceed in g check le vels . In th e column next to the 
last s how the ad justed di fference in elevation be tween each 
two ben ches, and in t he last column s how the corrected or 
adjusted elevation for each be nch. Thi s corrected elevation 
s ha ll be used in runnin g cross section levels. 
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Cross Sections 
, 

Cross Sections on the Main Read: 

Cross sections are to be taken at every 100-foot station , ancl 
at plus stations where break s occur in the cente r lin e profile. 
Sections are a lso to be taken at points where the cross sec
tion breaks, even though th e center lin e profile m ay continu e 
on a unifornf grade. This r efer s part icularly to existing 0.0 
points wbere cha nging from cut to fill. Sections are always 
to be extend ed at least 33 feet on each sid e of the center 
line, a nd in rough country where there is any r eason to s up
pose that the proposed improvem ent will extend beyond the 
right of way limits, th e section s must be e xtend ed accord
ingl y. In the case of level cross section s a 66-foot right of 
way will pe rmit a center cut of 6 feet and a center fill of 12 
feet, us in g th e standard primary road eras£ section with 
1½: 1 sid e slopes . (See Plate E.) 

Knowing this and taking into con siderat ion the existing 
grades 'on ~he roa d, the field chief can roughly determin e if 
it will be necessar y to extend the cross section s beyond the 
33-ft. lirn it. Additional section s should a lways be take n at 
both e nd s of brid ges and at the ends of the w in gwalls. Cen
ter lin e elevation s should be taken at the encl a nd at all in
tennediate supports . Similar section s should be taken at 
culverts. In the case of perman ent culver ts the distance back 
t n back and elevation s of h eadwalls must a lways be taken . 
,vithout this informa tion it is impossibl e to determine t he 
h eight of grade that the culvert will carry . Each cr oss sec
tion shall show the distan ce to the fence lin e on each s id e or 
th e road. 

Any abbrev iations appearing in the cross section notes 
s ha ll be explained by witable nota tion s or a key on the page 
where such abbreviations first occur. This k ey w ill be con
strued to a pply to any further use of the sam e abbrev iation s 
on that project survey. 

Levels on Branch Roads: 

Th e center lin e profi le of bran ch roads should a lways be 
taken and continu ed a s uffici ent dista nce to e na bl e the de
s igner s to establish the grade lin es to fit both road s . In 
level or gentl y rollin g country, the profiles for branch roads 
shall be continued a minimum dis ta nce of 300 feet from the 
inte r section point. Where th ere is a bill on th e side road 
n ear the main road, the profil e of the s id e road shall be con
tinu ed far enou g h to ena bl e the designer to est a bli sh a gr a de 
on the s id e road to fit the grade on the m a in r oad, and to 
balan ce th e cut and fill on said sid e road. 

Wh enever it seems possibl e that the proposed improve
ment will necessitate the gradin g of branch road s fo r a short 
distance in order to m a k e proper connection s with the main 
roa ds, the branch roads mu s t be cro ss section ed far enough 
to permit the computation of the necessary earthwork. 
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Levels on Dr iveways: 

When passing fa rm or fie ld entrances, s ide shots a r e to be 
taken out in the driveway about 100 feet from the cen ter 
lin e, or at s uch other di stance as will s how how the ex isting 
gra de of lhe dri veway w ill he al'fected by th e proposed im
provement. 

Working Profile: • 

As the work of lakin g cross sections progresses, the chi ef 
of pa rty s ha ll plot up a cen te r lin e profi le of the road cross 
sectioned . This profil e will be plotted on a roll of cross sec
tion pape r eleven in ch es wide, us in g the scale of 1" = 100 feet 
horizonta ll y, and l " = 10 feet verticall y. Suppli es of th is 
cross section pa pe r w ill be secured from t he d ist ri ct en g ineer, 
or m a in offi ce . 

The workin g profi le sha ll be available for the u se of the 
district eng ineer or engi neer s from the main offi ce who may 
have occasion ~o vi s it the party. On completion of the sur
vey it sha ll be sent' to the main office with th e r emainder of 
th e notes. 

TOPOGRAPHIC SURVEYS 

It will often be necessary, particularly at str eam a nd r a il
r oad cross in gs, to a mplify th e u s ua l notes by topographic s ur
veys. P lates F a nd G show the fo rm lo be followed in k eep
ing s uch n otes. If t he t raver se is n ot closed the a ngles should 
be checked by the r epetition me thod. If the traverse is closed 
the pa rty chief should plot the notes and make certa in that 
the t r aver se will close whe n placed on paper. P lot to a scale 
of 100 feet equals 1 inch. Thi s is the scale used on road 
plans, a nd a ny t racings mad e later on of th e topographi c map 
will fi t in w it h the road pla ns. 

The traver se will a lways start from the center line of the 
road survey. The azimuth of a ll contour or stadia shots is to 
be m easured clo ckwi se from th e last cour se, and with each 
new setup the aximuth of t he last course, or back tangen t, is 
to be cons ider ed as 0° O" . (See P late G.) The fir s t column 
indicates that t he instrum en t occupies point C. Point B is 
fir s t observed with th e plates r eading 0° 0". With th e lower 
motion clamped and the upper motion free the successive 
shots are tak en , the azimuth being measured clockwise 
from B. 

It will be noticed that two Hl's a re carried; one, the HI 
E lev., is th e h eight of in strum en t w ith r espect to t he level 
datum , a nd t he oth er , HI Roel , is t h e heigh t of the te lesco pe 
above the g round. Wh e n the s id e shots can be taken with 
the telescope level the r ead in g of the middl e wire subtracted 
from the H I E lev., g ives the elevation of th e point in ques
tion, as in ordin a ry level work. Wh en it is n ecessar y to use 
the ver t icle circle , as will u sually be th e case, th e miclclle wire 
is set to read the HI Rod . In either case th e readings of all 
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three wires are placed in lhe third column. The fourth col
umn is filled out later to sho w correct h orizonta l distan ces. 
The fifth column shows vertical angles or rod r ead ings . Note 
that in som e cases the middl e wire because of obstructions 
cannot be set on the HI Rod. It should the n be set on som e 
r(,ading a n even number of feet more or less than the HI Rod. 
When this is done it should be noted in column five as shown 
on Plate G. °:l'he differ en ce betwee n the r ead ing r ecorded 
and the HI Rod is taken into account in computing elevations . 

Field me n are ex pect ed to follow the form of notes for 
topographic surveys as s hown by Plates F and G. Other 
m ethod s may be just as good, bu t for the sake of uniformity 
and ease of ha ndlin g in the draft ing room wh er e th e m e n 
are familiar with the form as shown, it i s highl y desirable 
that th e m ethod outlin ed a bove be followed on a ll work of 
this cha racter. 

MATERIALS AND CONSTRUCTION 

O RG ANI Z A T ION 
Genera l P la n 

The cons tru ction work on each project will b e und er the 
direct charge of a r esid ent e ngin eer. Th e r es ident engin eer 
will be und er the s uper vision of a nd s hall r eport to the di s
trict e ng ineer in whose district the project is located. The 
di stri ct engineer is under th e super vision of and shall r e port 
to the Construction Engineer, a nd Engineer of Material s a nd 
Tests, whose h eadqua rter s are at Am es. 

The Construction Engineer and Engin eer of Materia ls ancl 
Tests are ass ist ed by general in spector s who will inspect all 
construction work a t frequent intervals . These men r epre
sent th e General Offi ce a nd have fu ll authority to act for 
their r espective depa rtments . 

In some cases the resident engin eer will be a ma n as
s ign ed to the project by th e Commission. In other cases th e 
county engineer may act as a r esid ent engineer. This point 
will be determin ed for each indi vidua l proj ect. Wh ere th e 
county engin eer is designated as r esid ent engineer, he will 
be und er t he sup ervis ion of th e district engin eer as fully a.s 
thou gh h e were employed by th e Commission. Thi s is the 
on ly basis on which th e Commission will a pprove of the 
county eng in eer 's ac ting as r es ident engineer_ 

The Con s tru ction Engineer will have full s up ervi sory 
cha rge of federal aid and s t ate road a nd bridge work. Di s
trict enginee r s will r eport to him, and will take up with 
him all constru ction questions concerning which the di strict 
engin eer may be in doubt. 
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Th e Engineer or Materials a nd T ests w ill have full super
visory cha rge or the quality o[ the materi a ls used upon a ll 
prima r y road and bridge worl, , a nd of lhe proportioning of 
e;on er ete material s therefor. H e w ill exe r cise s uch sup er
v is ion over the m easuring devices as is necessary to in s ure 
accurate pro11ortioning o[ concrete materi a ls. 

Duties of Resident ~ngineers: 

Th e r esid ent engin eer is r espon s ible for carrying on th e 
\\'Ork in stri ct accordance with the plans, s pecifications, and 
th e in s trudion s of th e di s tri ct e ngin eer. H e s hall, 

1. Prope rly mark detours and maintain detour markings 
in good condition . 

2. Make sure t hat the work is staked out at the proper 
time a nd in a proper m a nn er, and right of way pro
vided. 

3. See that the spec ifi cation s and plans a r e full y com
pli ed with. 

4. Reconl'm e u,d to th e di strict engineer a ny change in 
plans or deviation from the specifi cation s that may 
seem necessary. 

5. Inspect a ll material s and work, or ma ke su r e that 
that s uch materials a nd work a r e b ein g properly in
s pected. 

G. R eport full y and promptly to the distri ct engineer 
a ny faulty work or a ny fa ilure of contractor to com
ply with any plans, s pecifi cation s, or in s tructions. 

7. Make such progress r eports and other r eports as a re 
her einafter r equired. 

8. Make up the estimates of work performed. 
9. Have full supervi s ion of a ll in spectors, in strum ent

rnen , or ass istants placed on the work. 
10. Make no acceptance of work. 

Th e r esid ent engin eer w ill have no authority to chan ge, 
alter, or modify the plans or s pecification s except where it 
appears that s uch plan s or s pecifica tion s are obviously in er
ror, a nd wh ere s uch cha nges and correction s mu st be mad e 
at once, in whi ch event h e will immediately notify the dis
trict engineer r egarding su ch changes or corrections. 

Where cha nges, alterations or modifications might be mad e 
[or the be ne fit of th e work, th e r esid ent e ngin eer will call 
lhis to the attention of th e di st ri ct engineer , who will instruct 
the resident e ngineer r egardin g s uch changes. 

All instrn ction s will be given to the co n tractor by or 
through the r esid ent e ngin eer . 

Th e Federal Aid Law places a ll fe deral a id road and bridge 
work unde r the direct s up ervi s ion of the Commission. Th e 
r es id ent engineer must at a ll tim es be cour teous toward 
cou n ty road officials, but h e is und er no obligatio n to obey 
ord er s of county officials . County off icials h a ve no a uth ority 
to mak e any chan ge in the plans or s pecifi cation s, or to give 
any instru ction s to the con tractor. H the county officials 
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should request a chan ge in the plans or specifi cations, s uch 
reque s t should be r e ferrecl to the district e ngin eer. 

Th e r esident engin eer must a lways r emember that h e is 
the man on th e job a ncl that h e is primarily r espo nsible for 
the prope r execution of the work . H e mu st be the eyes amt 
ears of th e Commission and its various emplo yees. H e must 
make fri ends with the local officials a nd local people with 
whom h e comes, in contact. Hi s value to the Com mission d e
pend s on hi s ability to get ~oocl work and make fri encl s. 

Duties of District Engineers: 

The clistri ct engineer will hav e full supervis ion over th e 
resiclent engineer. H e shall , 

1. Choose cl e tours ancl make a rrangements for their 
proper maintenan ce. 

2. Give the r es icl ent e ng ineer such instruction s as are 
necessary to secure th e completion of the work in 
accordance with the plans and specifi cations. 

3. In.,peg.t the work at frequent interval s and make sure 
that the work is be in g clone in accordance with plans, 
specifications a nd instru ctions. 

4. Confer with and adjust matte r s with the board of 
of supervisors relative to the progress and m ethod of 
prosecution of the work. 

5. Approve or di sapprove minor changes of the plans 
promptly, wh er e such changes r equire prompt action, 
and report such approval immedi ately to the road 
construction eng in eer. 

6. Refer important changes of plans or s pecifi cations to 
th e construction engineer. 

7. Check and approve estimates. 
8. Make s uch r e ports as are her einafter r equired. 
9. Comply with a ll in stru ction s of the construction e n

gineer and engineer of materials and tests. 

Duties of General Inspectors: 

1. To in spect all construction work at frequent interval s, 
and if accompanied by th e district engineer, to give 
instru ctions to him only. If alone, written instruc
tions will he g iv en to the r esident engin eer , a copy 
of such in stru ction s to be mail ed to the di strict e n
gineer. 

2. K eep the ma in office adv ised as to the prog ress being 
made on a ll construction work. 

3. See that reports are fil ed at proper intervals . 

Duties of the Construction Engineer: 

The Construction Eng ineer shall , 
1. Have ge neral sup ervision of all road and briclge con

s truction work on fe cl eral aid and primary road and 
bridge project s. 

2. Make decisions on construction questions submitted 
by the di stri ct engineer. 
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3. Inspect the work occasionall y and instruct the dis
trict e ngineer as to any corrections or modifications 
which should be made in the m ethod s, equ ipment, or 
manner of prosecuting the work. 

4. Approve all major changes in th e plans . 

Dut,ies of Engineer of Materials a nd Tests : 

1. Have gen~ral s upervis ion of the materia ls used upon 
a ll primary road and bridge work, and ov er the com
bining of materials for the var ious uses . 

2. Make decisions on questions affecting materials, sub
mitted by the district eng ineer . 

3. Make occasional in spect ion of testing la boratori es, 
sources of material supply and constru ction work. 

4. Approve th e source of supply for a ll materials u sed 
on primary road and bridge work. 

The Assistant Engineer of Materials a nd Tests has fu ll 
a uLhority to act in th e a bsen ce or at the direction of the En
g ineer of Mate9als and T ests. 

INSTRUCTIONS TO RESIDENT ENGINEERS 

GENERAL 
Introduction: 

T h e intent of these instru ction s is to furnish the r es id en t 
engineer on Federal Aid a nd Primary Road and Bridge proj
ects with such in formation as has a lready been found val
ua ble in handling constru ction work. 

It is not proposed to burden a ny person with unnecessary 
detail, but the instructions contained h er ein are con sider ed 
suffic ientl y importa n t to warrant their stud y a nd u se a nd it 
is earnes tly urged that a ll engineers study th em carefull y 
and handl e their work in accordance with them. 

Many of our engin eers a r e from outside th e state and a r e 
frequently sent out to take charge of important work with 
no oth er instru ctions than can be g ive n in perhaps a half 
hour' s conversation with th e district e ngineer or some engin
eer from th e general office . It i s h oped tha t t hese instru c
t ions w ill be s uffic ientl y clear a nd comple te to prevent any 
misund er standing as to their r eq uirem ents. 

All instru ction s pertaining to the work will be giv en by the 
Distri ct E ngin eer. 

Notification of Address: 

Upon arr iving on the reside ncy the r esident engin eer wi ll 
immediately notify the di str ict e ngineer and the Highway 
Commission at Ames of h is post ol'fice and te legraph add r ess, 
a lso te lephon e number . 

Suitable office room will be provided either with the county 
engineer or in anoth er co nve ni ent location. 
Diary: 

Th e r esid e nt engineer s ha ll kee p or cause to be kept a 
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daily r ecord of eYeryt hin g clone on t he project. This r ecord 
to s how weather conditions . work accompl ish ed, delays, and 
ca use o[ same, together with any other information pertain
ing to t he work. An ordinary fi eld book may be used for this 
r eco rd a nd should be turned in to t he district office with the 
balance of the r ecord s when the work is completed. 

C oopera t ion w ith County Offi cia ls: 

No one wit\ be consider ed elig ibl e to the position of r es i
dent e ngineer who cannot work on a friendly footing with 
the county engin ee r and Board of Superv isors. 

It is a bsolutely essen t ia l that fri end liest r ela tions with 
county official s be maintained at all t imes and that this r ela
tion should in no wise interfer e with the integrity of the 
work. 

DETO U RS 
Int rod uctory : 

Wh e n a primar,· road or bridge constru ctio n project is 
started,. it is absolutely n ecessar y that adequate provision be 
mad e for tfre traffic desiring to use the high\\·ay. Either the 
con stru ction work ha ll be carried on so that the traffic is 
not seriou sly in conve nie n ced or the road shall be closed and 
t he traffic car efully detoured around the co nstrn ction. 

It shall be the duty of the r esident engin eer to see that 
prope r detour signs a nd barricades are placed wh en roa ds 
are closed to traffic. It shall also be hi s duty in case the road 
is not closed, to see that the contractor carri es on his work 
in su ch a way that the traffic is not end a nger ed or seriously 
inconvenienced. H e will consult with the dis trict engineer 
a nd be advi sed by him as to which roads are to be closed 
and which are to be kept open for traffic. H e will a lso be 
advised by the district engineer as to which roads to mark 
for a detour. 
Respon sib i I ity: 

When Primar~· road construct ion is s tarted the district 
engineer becomes r esponsibl e for the detours clue to such 
constru ction. The Commission will hold each di strict en
gineer accountable for four item s in co nnection with this 
work, as fo llows: 

First - H e shall det e rm ine whether or not a detour is 
needed. 

Second- H e shall cooperate with the local officials in 
choosing the location of the detour. 

Third - H e sha ll provide for the proper marking of the 
detour, the maintenance of the signs, and for 
the removal of all detour s igns when the con
str uction is opened for traffic. 

Fourth- He shall provide for the maintenance of the de
tour. 

Determin ation of Nece ssity: 
In deciding whether or not a detour is n ecessary, the dis-
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tric:t engin et' r ~houlcl be guided by th e fact that both th e pub
lic and lhe contractor a re grea tly inconveni enced when an 
attempt is mad e to cany traffi c over construction -work. If 
a de tour is at all available, it is nearly always desirabl e to 
direct the public away from th e construction work , even 
though it might he possible to carry the traffic over th e road. 
·wher e paving is being constructed, it is sel[-ev icl ent that the 
roa d must he C'los~d and detours provided. P eo ple living 
along the highway \\·hi ch is closed must he a llowed to get in 
and out a lon g th e road. This problem s hould be handled by 
tl1 e resident enginee r. Rural mail carriers should temporarily 
change their routes rather than try to travel a closed road. 

H th e construction is to be k e pt open tor travel sign No. 6 
(see Plate I) must be erected at both end s of the work. 

I 

f4 -1 

(\J 

PLATE L. 

Choice of Detours: 

After it has been dete rmined that a detour is to be used, 
the district engineer should confer with the board o[ super
visors and county engineer and choose a route which will best 
serve the trav eling public. Th e district engineer should be 
mindful that the detour will be forced to carry a much heav
ier traffic than it has in th e past. Care shou ld be taken to 
select as good roads as possible for the detour. The public 
,,·onld rath er detour two or three extra miles over a good 
road than save that mileage by traveling over a poor one. It 
is ordinarily be tter to detour over a county road than over a 
township road. In some cases in order to divide heavy traffic, 
it may be advisabl e to select two detours, one to carry the 
traffic in one direction a nd the other to carr y it in the oppo
site cl i rection. 
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STANDARD 51GNS FOR 

GRADING OR GRAVELi NG 
IOWA HIGHWAY COMMISS IO N 

P L ATE I. 

Closing Road and Marking Detour: 

51GN•4 

51GN•6 

In ever y ca se wh er e a road is ba rri caded, a "Road Closed" 
s ign sha ll be erected by the res id ent eigi neer. Plate "I," s ig n 
No . 4, i s a typical road closed sign. This s ig n a nd also s ig n 
No. 6, Plate "I," sh ould b e s ubstan t ia lly constru cted of 1" 
clea r lumber a nd should be given t wo coats of w hi te paint, 
a fter which it should be let ter ed in black by a s ig n painter. 

In case of complicated de tours it is desirable t o show a map 
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ROAD NO. 1 CLOS[ 
GRAVEL DETOUR TO COI..J_-J-J ., 

() 

' 
o\lins 

,:l 
!<.O 

-~------<:fl' 

OMM 155 10 '(\J 

PLATE J. 
of the detour on the "Road Closed" signs. (See Plate J.) This 
s ign is of s imilar constrn ction and painted the sam e as signs 
Nos. 4 and 6. 

The "Road Closed" sig n should be er ected at the barricade, 
securely fastened to two heavy posts with the top of the sign 
5½ ft. from the ground. The barricade closing the road should 
be substantial and should extend from shoulder to shoulder. 
It should a lways be placed at the inter section where the de
tour leaves the main road. Barricades should be made of 
3"xl2" plank spiked to substantial posts set solidly in the 
ground. Two red lantern s should be displayed on every bar
ricade at night. In order to s low traffic clown and warn them 
of the presence of a barricade, it is desirable to place a "Slow 
Down" sig n about 400 ft. back from the inte rsection. This 
s ign should be placed close to the shoulde r lin e of the road, 
a nd should read "Slow Down, Road Closed." This warning 
sign should be lett ered in black on a yellow background. 

Detours shall be marked with standarcl wood detour signs 
painted white and letter ed in black. Plate "L" shows a typi
cal wood detour sign cut from a l"xl2" board. 

These signs should receive the sa m e paint treatment as 
specified for the road closed s ign. In a ll cases they should 
be fastened to ind ividual posts set ju st outside of the shoul-
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cler lin e of the road. They should be placed beyond the in· 
tersection at an angle of about twenty degrees to the center 
lin e of the road, so that they will point in the direction which 
the traffic is to take. 

Great care should be used in placing the detour signs. They 
should be so placed that anyone, no matter how unfamiliar 
h e may be with the locati on of the roads, will be able to fol• 
low the cletou•· around the obstruction without delay or con· 
fusion . No road should b e closed until a ll detour s igns have 
been placed. As the traffic will use the detour in both direc· 
tions, the detour sign s should be placed accordingly (this 
does not hold trn e if two detours are to be used as in this 
case it is u sually best to direct the traf'fic in opposite direc
tions over the different detours). 

Ma i ntena n ce of D et our S i g ns : 

Respo ns ibility does not e ncl with the erection of signs and 
barricades, but the r esident e ngineer will be held r esponsible 
for theii; proper maintenance. 

In the past detour signs have been left in place long after 
the n ecessity for them has ended. The r esident engineer will 
see that these s igns are r e moved at the proper time. Neglect 
of these duties on the part of the r esident engineer will be 
cause for removal. 

M a intenance of D et ou r R oad s : 

Road s used as detours around primary road or bridge con• 
struction will be maintained by the state as primary roads, 
and all rn les and regula tions pertaining to the maintenance 
of the primary system will apply. 

GRADING 
Sta k es. 

The r esid ent engineer shall make an estimate of all stakes 
required on the project and notify the district engineer of his 
requirem ents at a n early elate. Ordinarily center, grade and 
slope stakes can be made of soft pin e, wedge shaped, from 
one-inch dressed lumber fifteen inches long. The hub stakes 
shou ld be 2"x2"x18" hardwood. 

Plans and L ocati on Notes: 

The resident e ngin eer should study carefully all plans and 
records, noting any changes from the originals, before start• 
ing checking in the field. 

Alignment: 

The first fie ld wor k clone on the project by the resident en
gineer should be the checking of t h e alignme nt notes. Hubs 
for fu ture use shou ld be set while checking location hubs . All 
hubs at curve points, P. I.'s , and br idge open ings should be 
carefully refer enced. 
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<' 
Center Stakes: 

It i s s uggested t hat cen te r lin e stakes be set a t t h e t im e 
the a lignm e nt is ch ecked. Th ese s takes to be offset a t some 
conv eni en t di stan ce as at t he fe n ce line. 

Wh en th e a li gnm e nt foll ows a n old roa dway, a 40-d n a il 
m a rked with a r eel r ag m a kes a suitable ma rker for t he ce n
te r lin e, is easily f.ound , a nd n o t often di sturbe d. 

Wher e t h e lin e is a r elocation a nd does not follow a n olcl 
road s ta k es may be use d, drive n wh er e they rig htfully be
lon g . All curves sh oulcl be ch eck ed for a lignme nt a nd dis
ta n ce b efore cross-sectionin g is s ta rted. 

A[ter th e constru ction w ork is comple te a ll P. C.'s a nd P. T .'s 
a r e t o be r efer en ced with p erm a n ent r efe ren ce points locatecl 
be tween t h e ri g h t of way fe nces . These r efere nce points are 
to b e establi s hed as follow s : Set up a t ra n s it over th e poin t 
to be r efer en ced a nd locate t wo inter secting lines establishin g 
no t less tha n two points on each lin e. Wh e re possible these 
points s houl~l be tied in by both m ea sure m ent s a nd an g les. 

P erm a n e n t co'11 c re te m a rk er s a r e to b e set a t these poin ts. 
These m a rke r s to b e at least four inches ( 4" ) in diameter by 
fo ur feet (4') long with a stee l r od runnin g th e entire length 
t hrough t h e ce nte r. Th ese m a rke rs ma y be pre-cast a nd set 
as one would set a fen ce post or by ma kin g a hole w ith a 
post a uger a nd filling with con cr e te . 

Th e fi e ld n otes should conta in a s ke t ch sh mdng t h e exact 
layout a t ever y curve point so r e fer en ced. 

At th e poin t of in te r section drive a on e-in ch ga s pipe twelve 
or e igh teen in ches in le ngt h . 

Wh er e corn e r stones a re to be disturbed they must be ref
erenced out so th a t th ey may be a ccura te ly r e-set . Th e la w 
provid es a pena lt y for fa ilure to do thi s . 

Sma ll e rrors in ch a in age, n o t exceedin g on e foo t , ma y b e 
carri ed ah eacl to th e n ext P. I. All other errors shall be cor
r ec ted a t on ce a nd an equat ion ma de s o tha t th e s tation set 
wiI! h a ve th e sa m e re la tion to t h e g round line as shown on 
t h e pla n s . 

Right of Way: 

Befor e contracts for e ith er roa d or bridge work a r e a p
proved b y th e centra l office a ll necessar y ri ght of w ay will 
h a ve been a r ranged f or. Thi s work is handled by th e Right 
of vVay En gineer fro m th e Central offi ce. No paym e nts for 
rig ht of way cla im s will be pa id unl ess a pproved by t he 
Rig h t df vYay E n gineer. 

Th e r esident e ng in eer sh a ll go over th e lin e in adv a nce of 
th e contractor's forces and take note of th e fo ll owing: 

1. Width of righ t o[ way b etween fences a nd s tati on s 
b etween which fen ces are to be m oved. 

2. L ocati on of pol e lines . 
3. Buildings to be m ove d a ncl a ny oth er obs tacle t ha t it 
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it necessary to mov e in orcler to clea r the way for 
the contractor's for ces . 

Ri ght of way stak es should he carefully set ancl marked on 
th€' face " R of \V" and on th e back with the station number . 
No changes in aligument will he made unless fir s t approved 
IJ,, the cli strict t>ngin eer. 

N ot e Books: 

Each leaf in the note hoolrn 11111 s t be numb er ed and paged, 
llating th e beginnin g and encling of each clay's e ntries, care
fully incl exing on pages in the front of th e book each se1)arate 
pi ece of work. Ind exin g and paging shou ld b e clon e as the 
work is pe rformed. Four or fl ve pages should be left in the 
front o[ th e hook for this purpose. Field entri es of notes on 
pa pe r or in memorandum book s will not be tole rated. 

Notes for more than one vroj ect s hould no t be entered in 
the sam e book. 

C ross Sectioni n g: 
• J 

C'ross sect ion work s hould be started we ll ahead of the time 
the contractor' s crew actually starts work . An e ntirely new 
set of cross sections should he ta ken at the tim e the slop e 
s takes are being set a nd compa ri so n mad e with the original. 
Th e quantities should be figured promptly in order that yarcl
,,ge in each cut or fill may be accurately det ermined be for e 
th e work is opened by the contractor . 

On even ground cross sections taken every one hundred feet 
\\·ill be ample, but wh ere the ground is un even additional sec
tions 11111 st be taken at inte rm ed iate points to in sure a n ac
curate cl etermination of the quantiti es. 

Tn th e past various m e thods o[ setting slope stakes hav e 
been used . In order that one method might be adopted as 
stand a rd practice, a conference of the nin e distri ct engi n eer s 
was call ed for the purpose of adopting s uch a m ethod. As a 
result of this conference the followin g method is r ecom
m end ed for standard practice : 

1. Slope stakes for fill sections are the stakes set at th e 
toe of the slope and will show the height of the fill m easured 
from cente r grade to th e g round at the point where the stake 
is dl'iven. These stak es shall be set fol' grades and width of 
roadway as shown on th e plans. In no case shall slope stak es 
in fill s be set to include shrinka ge_ 

2. Slope stakes in cuts are the stak es set at th e top of th e 
back slope and will show the depth of cut from a point on 
th e ground wh ere the stak e is drive n to the bottom of the 
ditch grade. 

In taking cross sec tion s a nd in setting slope stakes the fol
lowing method should be u sed: 

A le vel r eading is taken a t the cente r and the amount of 
cut or fill r ecorded. If on a r elocation or an unused roa dway 
a stake should be set at the cente r lin e and marked. but if on 
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a used roadway the cut or fill should be marked on an offset 
stake, or center cut or fill giv e n to t he contractor. 

Readings at right angles to lhe center lin e shall be taken 
a nd r ecord ed. at a ll breaks in the ground out to where the 
slope stake is to be set. 

Th e s lope stake is set by taking t rial readings until one 
and one-half times the cut or fill plus one-haH th e width of 
roadway equals tile dis tance from tho center. 

In cuts the width of roadway is considered the distance be
t ween the outer bottom lines of the two ditches. In fills the 
width of roadway is the distance between shoulders. 

In ad dition to the regular cross sections a cross section 
should be taken a t 0.0 points. Three of these should be 
taken in going from cut to fill , one on each side a nd one in 
the ce nter . Without th ese the proper estimate of quantities 
cannot be mad e. 

The depth of a cut or fill shall be marked on the face and 
the s tation number on t he back of th e slope s take, which 
shall be clr4'en vertically_ 

The cut ditch~s a t th e mouth of th e cuts should be turned 
away from t he embankment t o guard against wash. The 
ditch should be extended well beyond the 0.0 point of the cut 
ditch. 

F inishing Stakes: 
The resiclent engineer should kee p in close tou ch with the 

construction work and be ready to set finishing stakes on 
a ll work which has been roughed in r eady for finished grade. 

Finishing s takes should be set at a ll s tations, or closer it 
necessary, and marked with blue keel on th e t op. On both 
fills and cuts these s takes a re to be set on the shoulder line 
at the elevation of the ce nter g racle. This means that the 
road bed in both cut a nd fill is finish ed t o a level section. 

Finishing stakes on fills are to be set so as to provide for 
shrinkage which ordinarily will be one-tenth of a foot for 
each fo ot of fill. 

The engineer should in sist that the contractor keep his 
work finished up as close as possible to his roughed-in work. 
This is important to both county and contractor , for as a 
mile of road is finished t o t he satisfaction of the engineer, the 
same is taken over a nd maintained by the county. 

The shoulder line of the finished roadway should conform 
to the line of finishing s takes. 

Re-measurement: 
Attention is called to Div. II, Sec. 1, paragraph 7, Standard 

Specifications, which reads as follows: 
"Grading sha ll be paid for by the cubic yard a t t he price 

s pecified in the tender. Measurements of quantities will be 
made by cross sectioning before a nd after excavation ancl the 
volumes de termined by the average encl area method." Bear 
in mind that the work is to be measured b y actual cross sec-
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Lion s when completed . The fi e ld party should endeavor to r e• 
measure the work as fast as it is co mpleted, t her eby avoiding 
rush work at the time the final estimate is clu e. Prompt r e
cross-sectioning also eliminates errors in quantities clue to 
the filling of borrow pits. 

Car e should be taken in the r emeasurem ent of a ll work to 
take cross sections at the sam e location the original section s 
were ta.ken . 

Cross Sections at Bridges: 

Extra care should be taken at a ll bridge a nd culvert loca
tion s to get enough cross section s to insure a n accurate de· 
t ermination of qua ntities. 

Channel Changes: 

The earth work involved in channel changes is frequently 
quite large and wh er e contemplated should receive the sam e 
car eful attention as the grading proper. Cross section stakes 
should b~ soc and th e qua ntities careruny determined. Ma
terial excavated should be u sed in the embankment where 
th e lengt h of haul will permit. 

Surface Ditches: 

The Standard Specifications, Div. II, Sec. 1, pa ragraph 11, 
provid e that in cuts along s id e-hill s or where there is a pos5i
bility of surface water ca.us ing damage t o the side slopes by 
flowin g in to th e cut , a n int er cepting ditch shall be constructed 
at the top of the slope to prevent this water from flowin g 
into t he cut. These ditch es, where necessary, should be built 
befor e the excavation in the cut has started. 

Side Borrow and Borrow Pits: 

Wh er e s id e borrow and borrow pits are necessary, the 
right or way [or the sam e will be purchased in such dimen
sions as is best suited to the type of equipment that is to be 
u sed. 

In purchasing borrow pits for eleva ting grader work t h e 
pits will be suffi cien tly wide to allow the contractor to loacl 
both ways. These borrow pits should, if possibl e, be lo cat ecl 
so as t o eliminate overhaul. 

All borrow pits a r e to be cross sectioned before and after 
excavation is mad e, and a ll excavation quantities paid for are 
cut quantities . 

Th e contractor is r equired to leave a ll borrow pi ts in a 
neat presentable condition. well drain ed if possible . 

Waste: 

Waste banks a r e un s ightly and are not to be tolerated. 
Wh er e th er e is an excess of material, this excess shall be 
used in uniformly wid ening embankm ents or if advisabl e ad• 
just t h e grades to car e [or the excess material. 
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TILE 
Location: 

Wh ere de finite inlormation r egardin g outle ts i s known, the 
grad e lin e will, as a rule, be shown on the pla n s . Frequently 
the work of dete rminin g outlet s antl establi shin g grad es will 
be don e in tb e fi eld. ·whe n such is the ca se th e engin eer 
should t a k e leve l r eading s alon g th e center or the proposed 
ditch t o insure t ha l, the g rade of th e til e lin e will fit the out
let location. 

Staking: 

Stakes should be set e ve ry 100 feet or a t shorte r inte rvals, 
dependin g on th e na ture ol the g round . 

Inas mu ch a s th e pri ce paid th e cont ractor de pend s sole ly on 
the cl epth of th e ditch , great care should be exer cised by the 
engineer in s taking and m a rking. 

Ordina rily th e depth or ditch for which th e contra ctor is 
pa id is not m easured from the l op o l th e hub lo the bottom 
of th e di tch. •It u, r ecomm end ed th a t after the hub s a re sPt 
a nd cuts marked an additi onal level readin g be ta ke n on the 
ground on the hi g l1 sicl e o[ the ditch. Th is reading s hould 
be recorded to be used for pay quantities . 

Th e con tractor will be furni sh ed \Yith a "cut-sh eet" show
ing th e cut s at eve ry station. 

Outlets: 

It is essential that suita bl e outl e t s be provid ed for all tile 
drains . Prior to commencing a ctua l tilin g operation s the 
ques tion o[ outl et s s hould be gon e into care fully by the coun
t y offi cia ls and property own e r s, ancl m e thod s for outle tting 
definit ely settled. 

Frequently th e necessary outl e ts are found within the right 
of way at some conve ni ent s tream or at a bridge ope nin g . On 
othe r occas ion s it will be n ecessary to secure right of way 
a cross privately owned property_ Ver y oeten prope rty own
e rs will profit by th e outl et s provided , and are fr equently will
ing to share in the expense of cons trn cting th e same . 

R emembe r th a t the outl et s should not be locat ed so tha t 
th e di scha rge from th e tile will damage a dj a cent property, 
without first making de finite arrangem ents with the own er. 

Where th e til e outl et is placed at a culvert or bridge op en
ing th e til e should be carried to th e clown s tream side o[ the 
road. Thi s prevents ice from formin g in th e culvert during 
the winter. 

Inspection: 

No ti le should be laid until the necessary test s provided by 
the specifi cation s a r e mad e. 

Cooperate with th e testing department in arrangin g for the 
necessary sample taking_ 
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BRIDGES 

Since bridge specifications can insure satisfactory bridge 
construction only when they are written fully and in detail, 
these same specification s constitute the best guide for r esi
dent eng in eer s and inspector s. 

We will therefore mention here only some of the more im
portant featur;s of bridge const ru ction and bridge in spection. 

Staking: 

The firsL cons id eration when stak in g out a bridge is to keep 
your mind on the business in hand , and allow no distraction 
to divert you. Bridges have been staked with the skew the 
"Tong way . long slopin g cu lverts under deep fills have been 
built with the sho rt encl of the barrel down str eam, and abut
ments haYe been constructed too close together, all because 
the man at the instrumen t \\·as not keeping in his mind a 
mental picture of the completed stru cture. So glaring h ave 
som e of these mistakes been that serious co ns id eration has 
been g iven e't) the question of whether we should not req uire 
a ll bridge staking to be clone twice by different men in order 
to provide against such possibilities . The bill for damages 
is not a lways limited to the price of the materials a nd labor to 
e:o rrect the mistake. It som etim es costs us hundreds of dol
lars in lost confidence a nd the good will of the public who 
pay the bills. 

1. Alignment: Run out a piece of center line for the road 
project suffi ciently lon g to eliminate error s . Do not hesitate 
to se nd a flagman back to a known point on the lin e even at 
the cost of som e shoe leath er. Run it out fonYarcl till it 
checks on another known point ahead. Nothing is so dis
pleasing on a compl eted highway as bridges that do not line 
up with the road . Once the alignment i8 determin ecl, monu
ment it . Th ese monuments need not be e laborate, but shoulcl 
be chosen to serve the purpose in mind. For a small culvert, 
set on center lin e in the immediate vicinity of the structure, 
two or more good stakes. solidly drive n, in locations where 
they will not be covered up by materials or disturbed by traf
fic or construction operations. On larger bridges, some of 
which may be und er way for a year or more, put more effort 
on your location work . Choose h ea vi er stak es, set them 
deep, select their position carefu ll y a nd check your work. 
Remember that once the work is started you cannot a lte r th e 
location. Keep in mind that it is not a lways possible to see 
from one s ide of the s tream to the other on center li11 2 during 
the course of the construction clue to eq uipment or mater ia l 
pi les . There fore it is good practice to have two points on 
center lin e on each s id e of the stream from which to take 
back s igh ts. 

2. Station in g: Take pain s that your chainin g is accurate 
enough to locate the bridge exactl y on the station wh er e the 
plans show it, unless you have had author ity for change. On 



small culverts a few feet may make no differe nce, and may 
even improve the drainage _ But on larger structures across 
difficult streams it may land your bridge on foundations of a 
considerably different character than those for which it was 
designed. Above all, measure the spacings of abutments and 
piers euough times and by euough differ ent methods to be 
sure they are the correct distauce apart. Abutments that will 
not receive the stool, or archfootings that chauge the span of 
an arch are serious matters. 

3. Elevations: Check your level work. Get your bridge 
to come out in the end at the elevation it was designed to 
have. Grades on the highway or city s treet may be already 
laid, and the pavement may be already built to within a few 
feet of the new structur e. There is often very little leeway 
in which to make corrections. 

4. Skew Angles: Where skews are required set your an
gles with care. One attempt to erect steel on abutments im
properly skewed would demonstrate to almost anyone the im
portance of this ];)art of the staking_ 

Materials: 

Methods of proportioning and mixing concrete materials, im
portant details of construction, are clearly outlined in the 
Standard Bridge Specifications, which should be carefully 
studied. Close compliance with the provisions of these speci
fications is required. 

Cofferdams: 

Careless methods of driving cofferdams or the use of in
ferior or inadequate sheeting should not be permitted. The 
specifications provide that the engineer's authority covers 
methods and materials to be used by the contractor . 

vVhere wooden sheeting is used, matched lumber is r ecom
mended except in locations where the foundations are sunk 
in firm soi l. 

Ordinarily the best practice is to keep the sheeting driven 
a foot or two below the bottom of the excavation, the sheeting 
to be driven in place lJefore the excavation is started. When 
finally driven the bottom of the sheeting should be not less 
than two feet lower than the excavation, except in case the 
points of the sheeting encounter rock or other impenetrable 
strata. This insures full width at the bottom as well as pro
viding means of handling t h e leakage in the case of porous 
foundations. Par. 51, Div. IV of 1925 Standard Specification~ 
provides for payment of excavation 6" beyond th e neat lines 
of the concrete. 

Piling: 

A large percentage of the bridges built in the State are on 
pile foundations. 

Inasmuch as the type of equipment used in pile driving is 
necessarily light, precaution must be exercised in the driving 
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operations. Except in cases where batter piling are specifi ed 
care must be used to insure the pile being driven as nearly 
plumb as possible. Greater penetration can be secured when 
driven p lumb. 

Frequently boulcl er s or other obstructions are encountered 
which deflect the course of the pile or prevent its driving en
tirely_ The driving should be stopped when it is apparent tile 
pil e is broomiing or failing. Piling are made ine ffective by 
continu ed driving after the pile has been driven to refusal. 

The inspector should be r equired to keep a very complete 
pile driving r ecord. This record should show the following: 

a. Kind and length o( pi le in leads, 
b. Length in ground, 
c. Length cut off, 
cl. W eight of hamm er , 
e. Penetration last fiv e blows, 
f. Height of fall las t five blows. 

The above together with any other r emark s may prove 
useful inforJ;nat ion later on. 

The engineer's attention is called to Paragraph 27, Section 
2, Division III of the 1925 Bridge Specifications. By careful 
study of this section it may be easily determined whether 
the penetration obtained is suffi cient to carry the load re
quired. 

Paragraph 28, Section 2, Division III r equires the engineer 
to decide on the length of piles the contractor is to supply. 
This in the g reatest number of cases must be clone before any 
excavatin g is clone a ncl r equires the best of judgment to avoid 
ordering piling too long, thus incurring unnecessary expense, 
or the still more expensive mistake of getting them too short, 
thus r eq uirin g another co mplete set of greater length. The 
Engineer shou ld exha ust a ll resources of information that 
a r e availabl e before deciding on the length of piles. These in
clude: 

1. 
2. 

Soundings taken on the s ite at time of survey. 
Supplementary sou ndings taken at b eginning of con
struction. 

3. Comparison of clata from former structures built in 
immediate vicinity, e ither highway or railroad. 

4. Informa tion as to soil conditions obtained from r esi
dents of the vicinity. 

5. Consideration of th e geologic formations known to 
exist. 

6. Test pil es. 
The last me ntion ed source of information is the surest as 

well as the most expensive, but should be resorted to when 
necessa ry to secure the information. The advice of the dis
t rict e ngin eer should be sought as to the advisability of driv
ing test pil es. 
Concreting Footings: 

Before any concrete is poured , the foundation should be 
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pumped fr ee from waler an d be kept so during the concreting 
of the foolin g. 

Ir the co fferd a m is built extra long a nd wide as described 
above a better opportunity is offered for handlin g the water 
with litlle damage to the con crete. 

Care must be taken lo prevent water runnin g over or boil
in g up throu gh fr eshl y de pos ited concrete as water carri es 
away cem ent a nct. damages the concrete. 

Pipes or tile may occasionally be employed to good advan
tage in cond ncli ng' sprin gs or str eams of water from beneath 
the con crete lo s umps located outside the lin es of the foot
ings where pumps may be kept running co ntinuou sly until 
after the concrete is a ll poured a nd finished. 

Where the soil is of s uch a nature that lhe cofferdam can
not be pumped dry a seal coat may be permilled. This seal 
coat t.o b e placed be low th e elevation of lhe bottom o[ the 
footing. In placing this seal coat the cofferd a m may be al
lowed to partially fill wilh water an d the concrete placed in 
accordance .with method s outl in ed in Divi s ion III , Section 3, 
Paragraph 46 o( the 1925 Bridge Specifications. 

The seal coat when placed is paid for as extra con crete as 
is also the excavation r equired , usual!\· at a rate that will 
m a ke th e cost run hig h. Th erefore u1iu s ua l care s hould be 
taken to secure satisfactory work a nd a sea l c-oat that really 
seals . Oth erwi se a large expenditure is in curred with no ac
compan ying value receiv ed . A contractor 's plea of unu sual 
difficulties is not a sati sfactory s ubs titute fo r good r esults in 
[oundation work. Th e hi gh prices he bids on su ch " ·ork a r e 
hi s guarantee again st loss in s uch cases . 

Possibly the placin g of this seal coat would be unnecessar:v 
if the contractor is required to use proper materials in con
stru cting hi s co ffe rdam. Th e u se of inadequate materials or 
inadequate m ethod s should not constitute an excu se for pay
ing for a seal coat.. P eru sal of P a r. 4. Divi s ion III, a nd Par. 
41, Divi s ion IV, will show that the engin eer has almost com
plete control over the de sig n and adequacy of cofferdams ancl 
i[ this control is exer cised toge th er with goo d judgment 
many foundation troubles will be eliminated . 

F orms: 

Th e 1925 s pecification s are written 1Y ith the idea of secur
ing an accepta b le surface with tbe minimum amount o[ brick
ing or rubbing. This is mainly accomplished by good form
ing and adequate ramming and s pading. It is poss ibl e lo so 
construct form s a nd p lace concrete that no rubbing wi ll be 
necessary. W e require a clean smooth surface fr ee from 
porous spots, fin s, scales or pr ojecting wires . Ther e is no 
objection to seeing the imprint of the form boards in th e fin 
is hed surface provided the finish ed surface is a smooth one. 

It is desirabl e to remove forms as soon afte r initial set a s 
possible, clue considerat ion being given to th e requ irem ents 
of Par. 52, Division III of the Spec ifications . When the con-
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cr ete is green the faults in the s urface may be conected with 
the least expense and mu ch more satisfactorily. 

Contractors are very apt to charge porous s urfaces to the 
engineer's r equiring a mix "too dry ." 

We ask that the enginee r a nd inspector give careful atten
tion to consistency with which concr ete is mix ed. and exer
cise good judgment. Rem em IJer that narrow walls full of 
re inforcin g stiiel m ake it cl i fficnlt to properly ram ancl spade. 
When su ch s ituati ons are unavo idable sufficien t water must 
be used to insure the concrete flowing in to place without too 
great efforts at ramm ing and spacl ing. However, much or the 
trouble usnally e n countered in the spading o[ faces can be 
avoided by seeing that the forming is properly planned to 
a.Yoid these inaccessible spots. Th e practice occa.sionall,
seen of forming the full h eight of a large wall or abutment 
befor e a n y concrete is po ured should be prohibited. In such 
a case the gain to th e contractor can be lrn t s light for he sel
dom is able to pour the full h eight in one run, clue to small 
capacity. of mixin g equipm ent. and in most cases even if t he 
equipment i's large the pressure of the con crete at the bot
tom of the forms wou ld b e dangerous to their stability. 

The handrail of a bridge or cu lvert is the most conspicuous 
par t of the structure. Handrails are not designed to add 
str e ngth; a wetter mix on hand rails may be permitted if 
necessary to secure a proper finish . but even h ere a very 
sloppy m ix is to be avo id ed or the fin ish ed surface w ill be 
fu ll of water bubbles. 

Steel Erection: 
Attention will be call ed h ere to a few important points in 

the er ection of steel spans. 
Ordinarily crews which er ect these spans are exp erienced 

men handled by experienced foremen a nd superintend ents
capable of t urnin g out a satisfactory piece of work, but even 
so it is hi ghly adv isable that thi s class of work be given care
ful inspection. 

Before spans are shipped to the job th ey are usua lly in
spected at t he fc1br icating shop by an e ngineer from the 
Bridge Depar tment at Ames . This shop inspection comes 
nearly meaning an assur a n ce t hat the va riou s m embers w ill 
fit wllen assembl ed in th e fie ld . 

Th e following points in steel er ection are of specia l impor
tance a ncl f requently t he cause of t rouble . Each will the re
fore be discussed briefl y. 

1. Careful handling of steel. 
2. Securing proper cam ber. 
3. True a li gnment of trusses. 
4. Properly driven rivets. 
5. Painting both in shop and fi e ld . 
6. Smooth riding concrete floor . 
7. Straight hand and hub rail s a nd curb. 
8. Ro cker s. 
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9. Masonry plates. 
Careful Handling of Steel: 

Because steel is hard and tough is no g uarantee that it can
not be injured by rough handling a nd neglect. From the rail
way station to the job th e steel is necessar ily under the su
pervision of th e r esident engineer as much as when it is on 
th e job. Rolling h efVY members off of cars and p ermitt ing 
them to drop onto h a rd gro und or onto trucks or wagons may 
spring the "·hole m ember out of true. It may bend som e of 
the la r ge g usset plates or deform the fl anges of angles or 
channel s. Heavy lifting with bars or stee l cables may do th e 
same. On the job s tee l must be sto red on skids to avoid de
te ri oration of the s in gle coat o[ shop paint. Allow ing it to 
lie wh er e it beco mes s plashed and coated with mud m akes 
needless work a nd ex pe nse in cleaning afterward. 
Securing Proper Camber: 

A camb er diagram is provided on the pla ns as a guide for 
blocking u p th-¥ bottom chord m emb er s when er ection begm s. 
Should the fa lse ,1-tirk settle or the blocking be compressed by 
the loa d the blocks sh ould be rai sed to their proper places . 
Specification s req uire that all fi eld conn ections be drift. 
pinned and bol ted before any riveting is clone, and that im
portant conn ection s h a ve at least 50 p er cent of the hol es 
filled. Impor tan t conn ection s s ha ll be construed to mean 
truss connections, but no t necessarily those in th e floor sys
tem. The clrilt-pins a r e s upposed to clraw the m emb er s into 
their proper relative positions and ma intain them t h er e till 
the rivets are placed. The bolts a r e to hold the members in 
close con tact laterally so that riv et s may be drive n with no 
space betll'een the plates. A safe proport ion will be to r e
quire t hat t h e 50 percent of holes be filled by about 25 per
cen t drifts a nd 25 percent bolts . 

·whil e tl1e sh op erection m entioned above may in sure that 
the steel will go together when assembled in the fi eld it does 
not insure that th e trusses when swung clear of the fals 
work will n ecessaril y ma intain the ir proper camber. Little in
accura cies which do not prevent assembl y while the tru ss is 
lyin?; fl at on t he floor of a bridge shop may show up in set
tlements at certa in panel points wh en the truss is swung. It 
is therefore the practice of the Commission to dem a nd that 
the entir e s pa n be swung clear of the false work after the 
above mentioned drift pins and bolts have been placed ancl 
before any rivetin g has been clone . Thi s permits an in spec
tion of t h e cambe r and a correction of a n y inaccuracies be
fore the steel has been fixed rigidly by the riveting. 
True Alignment of Trusses: 

The above m ention ed swingin g of the spa n also permits a 
ch ecking up of the a lignm ent of the trusses under load ancl 
befor e it is too late to make correction s . Bridges are known 
t o exist on our highway system in which the top chord of the 
t ru sses is out of alignm ent by an inch or more. This is not 

50 



1-
1 

cons id er ed imtisfactor y from the stand poin t of either ap
pear ance or safety. The top chord of a t rn ss is merely a hori
zontal column, and a cr ooked or excentrically loaded column 
is bein g stressed to a degree for which it was not design ed . 
A circumspect use of jacks, steamboat ratchets, or block anct 
tackle, a nd occasionally th e s light loosening of the bolts in a 
ftoorbeam conn ection , or the running of a hack-saw thru a 
top chord jo i11tt that was not milled sq uare will do much 
toward truing up the a li g nm ent of the trusses, after which 
the rive ting may be don e with so me hope that the a lignment 
thus secured w ill be h eld . 

Ri vets: 

Rivets mu st be t ight with properly formed heads. A llrst
class riveting crew will cut out a poorly driven rivet while it 
is s till hot wi thout waiting to be so ordered by the inspector. 
The work of the riv etin g cre w should be inspected from day 
to clay rather than wa it for a final in s pection wh en the crew 
is clon e a nd .;·eacly to move away. Bear in mind that rivets 
do n ot t ighten with age, but tend to work loose in stead. 

Field conn ections contain 20 percent more rive t s than shop 
connections carryin g the sam e load. Th is is to take car e of 
the fact that condition s for driving riv ets in the fi eld a re not 
as perfect as in the shop, In testing the riv ets on any con
nection the in s pector should have thi s in m ind. A loose ri vet 
in a n y joint or co nnection might be overlooked if th e balance 
of the rivets are good. Som et imes cutting out on e poor rivet 
will loosen several others t hat were acceptab le . Overh eated 
or burned rivets should be r emov ed even tho they a r e t ight. 
H sparks are thrown from the rivet while drivin g, it is a 
sign of overheating. A burned rivet may be detected even 
after it is dr iven, by its pitted surface or t h e presence of 
h eavy iron oxide scale. 

For t esting rivets a light machini st's hammer should be 
used. Wher e both end s of the riv et are easily accessible at 
the same t im e a good practice is to hold a nail punch or 
something s imilar on one e nd and tap li gh t lx with the ham
m e r. Som e in spector s m er ely hold thei r finge r s on the oppo
s ite encl from the hamm er. Any looseness can be r eadily de
tected . 

Painting: 

It is esse ntial that a first-c lass job of pa in ti ng be secured. 
Specifications provide that wh e n completed a span will h a ve 
three coats of pa int, one s hop coat a nd two fi e ld coats. Whe n 
shop in spect ion s are m ade th is inspection will in clu de th e 
shop painting. If for any r eason the s teel is deliv ered to the 
job with a n infe rior coat of paint, the in s pection s hou ld 1o ee 
that the defects in the sh op coa t a r e corrected even before 
the s pan is erected. All exposed surfaces must be protected 
by paint. 
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Floor: 
Too fr eq ue ntl y con Lractor s a r e permiLLed to get by wilh a 

poor ridin g ·urface on t h e con crete floors. W e exp ect th e 
in s pecto rs to use a ll Lhe precauti ons necessa r y Lo secure a 
good ridin g surface- ju st · as we clo on a paved road. No con
crete fl oo r should be lefL as finished unlil it has passed the 
straig ht edge tesj:. 

H a n d and Hu b Rai ls and C urbs. 

Th e whole a ppeara nce o[ a perfectly good bridge may be 
spoi led by a poorly co nstru cted ha nd ra il an d hub rail , aml 
curb. The r e is a bso lute ly no r eason fo r not securin g true 
a li g nment on th ese. 

W e ask that our engin eer s be exceptionally " H a rdboiled " 
in the matter o[ secu rin g good workmanship on this pa rt ot 
Lhe stru cture. 

Concrete rails and curb s which are not satisfactory should 
be torn ol\ a nd r ebuilt at once. 

Defect s or k'lnks in steel h a nd rail can be eas ily con ectecl. 

Roc k ers : 

The rocker s und er the expansion encl of a steel span de
serve m ention. K eep in mincl that the st eel expands in hot 
weath e r and contracts in cold. In the m edium temperatures 
of s pring a nd fall the masonry plate a nd anchor bolts shon lcl 
b t: so located that the rock er will sit a lmost vertical. Rock er s 
set in winter should lean toward the str eam a nd those set in 
t he hottest o[ summ e r weather s hould lean so m ewhat toward 
the abutment. 

M asonry Pl at es : 

The s pec ifi cation s r equire the masonry plates to be bedd ed 
down on canvas saturated with r eel lead . Th e ideal way to 
seL these would be to locate the maso nry plates a nd pedes
ta ls accurately by in strument, bed them clown and pl ace the 
a nchor bolts, before s teel ere ction begin s. 

However , practi cal con side r a tion s seem to demand th at w e 
acce pt a less pe r[ect method. The s light inaccuracies un
avoida bl e in the fabrication of stru ctural steel make it almost 
impossibl e to be sure that th ere will not be som e slight va 
riations from the theoretica l length of th e stee l between s up
ports after it is er ected. An y s uch va riation would necessi
tate moving part of th e m aso nry plates. The refore the gen
eral practice is to set the masonry plates dry and erect the 
steel on them. After the s pa n is riv eted it is moved sligh t ly 
if necessary to locate it correctly . After this it is jacked up 
s uffici ently to pe rmi t of the insertion of the canvas soaked in 
r eel lead , whi ch process is follow ed IJ y the clri11in g and sett ing 
of th e anchor bolts . Car e used in th is process will give sat
isfactory work, but the fo11owing a r e points to be watch eel: 

1. 'I'hat both plates on a ny giv en a butm ent or pi er 
a re jacked up simul taneou s ly. .Jack ing one corn er 

52 



1- only of a span should not be perm ittecl because ol 
clanger of r ack ing the rivet conn ections. 

2. That the rai s in g is high e nough to permit the canvas 
to be placecl smoothly and accurate ly. 

3. That the jacks are applie cl close up to lhe shoe on 
the so le plate where it is s upported immecliate ly 
above by th e g usset plate. Bottom chorcl s o[ t he fir st 
pane l 1iave been badly bent by permittin g the jacks 
to be placecl too far oul. The bollom chorcl is a ten
sion m emb er ancl not designecl lo with stancl cross
bencling. 

GRAVEL ROAD CONSTRUCTION 

All mate ri a l usecl in gravel roacl constru etion s hall pass 
Lhru a screen having a one-inch square open in g or an inch ancl 
a quarter rouncl openin g_ 

Gri zzly screens are not permitted. 
All ovi!rsize is to be cru s hed unless orclerecl otherwise. 
All graver' roads built in Iowa are by the feather edge 

method. 
Th e stand a rd section call s for 1560 cubi c yards per mile. 
The best r esults are obtained when the gravel is spreacl 

lull width between the should e rs and so thin in lhe cente r 
that traffic is very littl e inconveni en ced. From time to time 
a Ii ttle mate rial is cl ragged from the outside to the center 
as th e gravel becom es packed. 

U nder no condition is th e grav el ha ul er to be a llowed to 
leave his clay's haulin g un spr eacl over night. This is a dan 
gerous practice and under no concli t ion to be pe rmit ted. 

Screens: 
No scr een will be consid e r ed satisfactor y that cloes nol 

separate the coarse from the fine . All material und er an in ch 
is to go on the road . All over an inch to be wasted or 
crushed. 

PAVING 
General: 

Detailed in stru ction s regardin g the diffe rent steps in a pav
ing operation will not be given in this ma nual. In spectors 
and r esident engin eer s are required to make a car eful study 
of the standard and special s pecifi cations befor e actually go
ing on the work in order to become perfectly fam ili ar with 
their require ments. These r eq uirem ents a r e in the specif"i
cation s to be fo llowed, and no cla use in the specification s is 
to be regard ed as a dead le tter , without s pecial in structwns 
to that e ffect from so meone in a uthority _ Any points about 
wh ich there is doubt , or which ad mit of more than one inter
pre tation should imm ediately be taken up with the district 
engineer, or others authorized to make decisions, a nd the 
s tandard practice of the Comm ission secured. Accepted in-
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terpretations and methods of procedure on many su ch points 
have been de veloped wi thout a ny necessity hav in g ar ise n for 
wri t ing them in to t he specifi cations. These fo rm a valuable 
supplement to the stock in trade of th e man coming into 
direct contact wi th the contractor and h e sh ould avail him
self of them before a n emergen cy calling for their use has 
a ri sen . 

Som e of th ese pQints which have embarrassed t h e unini
tiated resident engin eers or in specto rs in the past a re as fol
lows : 
Stakes: 

Proced ure regarding stakin g as a lready la id out fo r other 
work is to govern on paving projects, a lso, so far as it a p
plies. Extra lines of stakes for th e paving itself are recog
nized as a r equirement of all paving jobs. The number ot' 
these stak e lines, wheth er s in gle or double, t he location, as 
regard s distance out from th e cente r line or edge of pave
ment, the eleyations used, wheth er edge or crown e levat ion , 
the st a ke inte rval-;' whether 50 or 25 feet, etc., a r e us ua lly ma t
ters which are taken up with t h e contractor's superin ten dent 
and a definite agreement r each ed before the staking is be
gun. It must be r ecognized by those in the fi e ld that it is 
the contractor who must work to the stakes; the in strument 
party has merely to set them. This be ing the case the con
tractor is entitl ed, within reason, to have them as h e can 
best use them. 

In general it has been found suffi cient to set a s in gle line 
of hub stakes 2"x2"xl8" on one s ide of the pavement at the 
contractor's conveni en ce, giving him edge grad e, spacing the 
stakes 50 feet a part on tangents and stra ight g ra des, ancl 
changing to a 25-ft. interva l on either vertical or horizonta l 
curves. On very sharp curves this latte r inter val may be 
shortened to sui t the occasion. In the inte rest of economy, in 
both stakes and time, a seriou s e ffort should be ma de to se
cure the contractor's agreement to a staking program that 
will not exceed the above, a nd with full explanations th is will 
usually be possible. 

In the matter of staking out new work for the contractor 
to open up, misund erstandings may arise. A length of line 
fully staked out ahead that seems adequate to the resident 
engineer may not fit in with t he contractor's pla ns. It is to 
be r emembered in cases of thi s sort that it is for the contrac
tor 's u se that the stakes are set, and th at, therefore , he is to 
be the judge. An unu sual length of line completely stakecl 
is at times r equired in order to show ba la n ce points for earth ; 
to provide em ployment for grading crews on light earth-mov
ing; to complete earthwork before it is necessary to h a ul over 
it; to lay industrial tracks, etc. Delays for stakes in such 
cases save nothing to the Commission, but do orten serve to 
irritate the contractor to a degree that weake ns the engineer 's 
position with him materially. Da nger that the stakes will be 
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k nock ed out or lost does ex ist, bu t t he care of a ll stakes set 
iR mad e ma nd atory on th e co ntractor in th e s pecifi cation s, 
a nd a ny a ppreciabl e a mount of extra work pu t on the instru
ment party by care lessness with stakes can be equ a lized by a 
charge fo r resettin g sa m e. 

Embankments: 

When a resid ent e ng in eer takes charge o[ a job where pa v
ing is to be 11laced on a road a lready brou ght to perman ent 
grade, it is necessary to assum e that th e fi lls have been prop
erl y built or else a r e s ufficiently stabilized by settlement dur
ing wet a nd fre ezing weather. Howeve r, if upon opening up 
t.he work ev id ence de ve lops to the contrary, s t eps should be 
take n to correct de fects . Thi s may take t he form of careful 
a nd heavy ro llin g, dra ining or see py s pots, replacement of 
s pongy material t hat will n ot co mpact, etc. The advi ce of th e 
district eng ineer should be invoked fr equently until the 
standard of exce ll ence r equired is w ell unclers toocl . 

"\~1he n, ne w fills a r e to be built on whi ch to place pavem e nt 
th e s pecific:Hion r eq uiring that t hey will be built a nd roll ed 
in lifts w ill be rigidly a dh er ed to . The rolling o l' a narrow 
s trip th e width of th e pave ment is not sufficient compliance. 
Each li ft is to be roll ed from slope to slope. However, it is 
not necessar y to ditch the road -roll er in orde r to secure s ub
stan t ial compliance with thi s provision. Slopes a nd shoul
de rs thus brought up full width at the same tim e as the ce n
te r of th e fill a ttain a degr ee of solidity that is impossible in 
those built se parate ly or not ro ll ed , a nd will act monolith
ically with th e center of th e fi ll. On ce sati sfactoril y built in 
t hi s mann er they should be left undi sturbed. The practice 
of gouging s hould er s a nd slop es to secure ear th fo r subgracl
in g or covering of concre te is not to be tol er a ted. Loose ma
terial placed later to fill s uch cavit ies in th e shoulders a nd 
s lopes is sepa rated by natura l plan es of cleavage from th e 
solid material of the embankm ent a nd the r e is a r easonable 
doubt wh eth er it ever knits thoroughly with the main bod y. 

Rol l in g of Subgrade: 

Rollin g of t he s ubgra cl e mu st be clon e befo re fo rm s a r e se t 
in order to obtain a ny compaction und er t he edge of the pave
ment s lab . Th e extra width s pecified must be secured as a 
guarantee of t his solidity und er th e edge . It is a lso prac ti
call y the only way a solid foundation fo r s ide form s can be 
secured . Th e a mount of rolling cannot easily be mad e a mat
te r of s pecifi cation . Expe ri e nce, or th e advi ce of those who 
are experienced, is a bout th e o:1ly safe guid e . In general, it 
should be continu ed until th e subgrad e is uniformly com
pacted. 

Subgrading: 

The id eal way of bringing the s u bgrad e to prope r elevation 
is, of course, to place a n amount of material that when tllor-
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oughl y co mpacted with a roll er will leave the subgrado at the 
correct h eig h t. Th e impossibility of est imating this amo un t 
of material exact]~, necessitates a certa in amount of r eshap
ing after the heav ie r ro ll ing is cl one . To!eration of a sma ll 
amo un t of thi s r eshapin g after ro llin g and the setting of 
fo rm s is recognized as necessary und er prac ti cal working 
conditi ons . Doing tbe rolling on a r ough un even surface, 
var y ing from sever a l in ches below to a simila r a moun t a bov e 
correct s ubgracl e e levation is not satisfactor y. Th e r e moving 
or fillin g in of a ny s uch quant iti es will call for an a ddi t iona l 
rolling. Th is additiona l rolling may be clone sati sfactorily on 
that part between the form s after t hese a r e set, bu t und er 
the forms it could not b e clone. It has been the practice, 
therefore, to require that und er the form s tbe subgracl e be 
brought up to w ithin a n in ch or so of correct e levation if it 
is low, or possibly a som ewhat la r ger amou n t above, in case 
the s ubg r acle has to be trimm ed off in orde r to set t h e form s. 
Only within som e s uch narrow limi ts a r e we assured that the 
s ubgrade uncl e,r the fo rm s will be suffi ciently solid to prevent 
settlem en t und er e'h e finishin g machin e . 

Thi s small permit ted variation und er tb e fo rm s practicall y 
limi ts th e contractor to a s imil a r variation over the r e ma in
der of th e s ubgracl e a nd such w ill usua lly be t he ir practice . 
The r emoval by means of a s ubg rader of a n in cb or so of 
ear th be twee n the fo rm s is not consid e red to eliminate tbe 
e ffect of t he rolling and su ch a subgrade if le ft undi sturb ed 
be low correct e levation is consid er ed sati sfactor y wi thou t 
furth e r rolling. So a lso with about a n in ch of fin e ear th 
which mu st be deposited on the subgrade. If, however , th ere 
a r e s pots wh er e a greater qu a nti ty of ear th th a n one in ch 
must be r e placed, t hen addit iona l rolling or tamping should 
be cl one. The ro lling of such light !Hts of ear th is a deli cate 
matter a nd may result in an unsat isfactor y condi tion of th in 
slabs of ear th lyi ng loosely on t he subgracle. Thi s is espe
ciall y true w he r e clamp ear t h is roll ed on a dry ha rd surface . 
Light sprinkling be fore pl acing, selection of fillin g materia l 
that is n ot plastic, a r easonable amount o[ rollin g, a nd possi
bl y the use of a ligh te r r oll er than th e stancl a rcl will a ll help 
to avoid thi s diffi culty_ 

As to wh en a subgrad e is at proper elevation littl e is lect 
to th e jud gment of the man on t h e job. Full depths as speci
fi ed on th e plan s below th e top of th e sid e forms is th e onl y 
compli ance that is satisfactory. Th e rule of "average" or 
"give and take" is not cons id er ed to apply, sin ce a pave ment 
slab is on ly as strong as its t hinnest section. VVi th mod ern 
equipm ent it is entirely possibl e to secure full cl epth of con
crete with ve r y li ttle waste below to be stoocl by t h e con
tractor. 

Form Setting: 
Setting of form s to a n exact a lign me n t is hi ghly desirab le 

though th e fa ilure to do so r esults in but slig ht actual da mage 
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to the pavemellt. Th e un sighUin ess o[ iL is ils \\'0rst faul l 
and Lh is is partly di sg uised when the should er s are built , ii' 
they are maintained al the proper elevation. 

No su ·h exten uati ng circum sta nces exist when the gracle 
of the forms is not perfect. Every clip or bump in the forms 
shows up in the finis hed s urface and is there to stay. Th er e
fore, nothing but Lhe most careful setting to grade is satis
fa ctory . Aeicuracy o[ grade-staking is the fir st requi s ite. In
s is t that th e leve ls, or level-boards, or whatever is u sed in 
setting forms be in a dju stment. Also that the form-setters 
be competent to handle Lhem correctly. See that li!lE,8 are 
stretched to take out a ll sag betwee n s takes. On vertical 
curve s r eq uire the form-setters to a dju st the forms in a man
ner that will secure a smooth curve ratn er than a broken line. 
Do not permit any forms to be placed until the subgracle has 
been brought to proper grade within the limits prescribecl 
a bove and thoroughly rolled to a distance on e foot outside 
Lhe edge of the pavem e nt. Th e setting of forms on narrow 
ridge~ or4 small mounds of earth compacted only by ha nd 
tamping will not be permi tted und e r any circum ·tances. H a 
Lhin skim of earth is necessary to bring the subgrad e to 
proper elevation t'or the forms it is to be placed be101·e se t
t ing the form and thorough ly tamped. Do not permit form s 
or form pedestals to be hung on stakes and the s pace be low 
to be loosely fill ed a ft e rward with a s hove l. If earth is to be 
r emoved Lo obtain proper depth for forms it should be r e
moved on ly to correct subgrade elevation and not to a greater 
de pth to be loosely filled in late r. On soft s pots r equire extra 
pedeslals or stakes. In extreme cases of sand or loose ma• 
ter ia l that cannot be compacted use plank of larger area than 
th e bottom of the forms in order to avoid settlement. Finally, 
inspect the form s fr equ ently ju st ahead of the mixer to avoicl 
th e chan ce that they may have been displaced by s ubgracl er 
or trucks. 

Cleaning and Oiling of F orms: 

Th e cont ractor will find it to hi s fin a ncial interest to keP p 
hi s forms clean, well oiled, sLraight ancl in good re pa ir. Hi s 
failure to r ecognize this does not free Lhe fi e ld force from re
s ponsibilily. Forms that are crooked on the top edge introdu ce 
waves in the fini shed pave ment surface. Crooked form s arP 
to be removed and straighte ned befor e use. All lumps of con
cre te adhering to the top of the forms are to be removed for 
the sam e r eason. Cleaning a nd oiling o[ t h e inner face of the 
forms is necessary to facilitate strippin g ancl avo i<l breakin g 
of the g r een edges. 

Use of Reinforcing: 

\ Th e members of the fi e lcl for ce have a natural h esita ncy 
: about in curring the expense of using extra stee l. 'Thi s c:1re 

l 1'or the financial interest of the county is a laudable charac
teristic, but should not be a ll owed to become a fa ult. 



Th e standard type o( r e in (o r ccm e n l is designed Lo car e for 
st resses in the pavement s la b where condition s are norma l. 
It is imposs ibl e for the designing office to show what wou lcl 
be desirabl e und e r the s pecial conditi ons t hat will be m et, (or 
Lhe r eason that there is no way of anticipating these co ndi
tion s . On this matter , there(ore, the constru ction rorce must 
a lso act as clesign e rs . It is the inte n t o[ the Commission that 
th e m en in the fi eld .sha ll meet these co nclition s and provide 
fo r them s in ce no one else can. The use of a cons ide rable 
amount or steel in add ition to that ~pecifi ed is necessary in 
many places , for example, over cu lverts recently built a ncl 
filled; on s id e-h ill fills where th ere is reason to doubt the 
m ethod s usecl to compact or s tabilize a newly placed slab of 
embankm ent; old channe ls or stream s or gullies; see py s po ts 
on ly r ecently drain ed; mu cky subgrad e that cannot be sati s
factor il y com pactecl und er a roll er. Extensiv e str etches o[ 
road wh e r e subgrad e bearing is not entire ly up to normal do 
not necessarily r eq uire h eavy doubling up on the s t eel. In 
such locations .,the uniformity of th e s ubgrade materia l from 
s icle to si de and tver cons id erable distances may work to 
prevent any ser ious or un e ve n settlement eve n tho ugh the 
unit bearing is low. In su ch locations the advice of th e di s
tr ict engineer is des irabl e. On short st retches that are in 
question a safe rul e is "v\/h e n in doubt , put in the extra 
steel." 

Proportioning: 

The proportion ing method s a nd Lh e r e lated matte r s ot' 
m easurem ent and checking of material s at proportioning 
plants should be m as te red by both r esid ent e ngin eer and in
spector before th e work is begun. No detail ed explanation 
will be a ttempted in this ma nua l. The explanations of the 
district engin eer or a r epresentative fro m the central office 
s hould be sought at the earli est opportunity if there is a ny 
doubt as to the method of procedure, as on t he accuracy or 
the proportioning may depe nd the strength of the pave ment 
or th e in currin g of a la rge bill [or ex tra ce me n t. 

Finish: 

A sidewalk fini sh Cree from tool marks or di scoloration 
helps th e appearance of a pav em e nt, but acids nothing to its 
se rviceabi lity. Th e effo rts expend ed on finis hin g should rath er 
go toward securing a surface rree from waves a nd inequali
ti es a ncl at the same tim e well compacted and dense. The 
proper sett in g of forms and their ri g idity goes a lon g way 
towarcl secu rin g th is . 

Attention is call ed to the fact that a two- in ch crown in 
the strike-board of th e fini shing m achin e does not always 
giv e a two-i nch crown in the r esultin g concr et e surface. Th e 
strikeboa rd should be adjusted to a s li ghtly greater h e ight ii' 
necessary to secure th e full two-inch crown in the finish ed 
pavem ent. The crown of the pavem ent should be ch ecked 
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at fr equ e n t intervals to m a k e s ure that the s trik eboanl ha s 
not gotten ou t of adjustment [rnm wear or othe r causes. 

Th e above appli es with equa l or greater force to t he stril{e
boa nl s ordinaril y used in hand fin is hing. 

vVh en the cons is ten cy of the concrete is correct t he fini sh
ing machin e can without diffi cul ty be run over th e pavem ent 
a s ufficien t numb e r of t imes to strike it to a true crnwn . Th e 
fir st t rip over it; rar e ly suff icien t. Successive tr ip s should be 
mad e, carry ing som e concrete ahead of the strike boa rd each 
Lim e until a ll depress ions deve loped by tampin g are fill ed a ncl 
a ll hi g h spots a r e trimm ed off. 

Th e n ext fini shing operation afte r t he fina l passage of t he 
fini shing mach in e is t he use of t he h eavy long itud in al fl oat. 
This clum sy looki ng con trivance com es nearer to giving us 
the des ired smoothness of sur[ace t han a nything else t hat 
has been tri ed on t he Iowa pavements. B ut its use call s for 
skill by th e operator s as w e ll as study a nd attenti on by t he 
in s pector a nd r esid ent engin eer. Con crete too wet or too 
dry , sh ortage..,of mortar in th e concrete, inadequate striking 
off a nd tamping by the finishi ng machin e, all preven t thi s tool 
givin g prope r r esults . 

The specification s are open as to th e use of t hi s long itu cl i
n a l float, permitting th f' contractor to use som e method g iv
in g equal r esul ts. In the past many s uch s ubstitutes have 
bee n t ri ed a nd to elate none have shown t heir abili ty to g ive 
as good work. Th erefore the use of thi s tool h as practicall y 
becom e standa rd . One circumstan ce that has h elped to bring 
thi s abou t is th e fact that once t hi s float a nd its bridges a r e 
constructed, the t im e a nd e ffort necessary to secure the right 
fini s h is less than by a ny othe r mea ns that has been tri ed. 
Th er efore we [eel that we can with a clea r conscie nce r eq uire 
th e contractor to u se this long itudina l fl oat e ven though h e 
has the option und e r the s pecifi cation s of t r yin g other 
methods. 

Th e ten-foot s traight edge should be u sed after th e fir st be lt
ing. Th e use of this straigh t edge is spec ifi ed with t he in
t ent th at it sha ll be used to detect un e ve n places and correct 
them. The use of the straigh t edge t he next clay or a ny time 
after the concr ete is ha rde n ed is a needl ess waste of e ffort. 
Th e correct t im e is whil e the concret e can s till be worked a ncl 
a ny waves fill ed or cut off . A s trict interpretation of th e 
quar te r-in c h var iation from a 10-foot straigh t edge is the rul e 
s in ce it is found entirely feasibl e. The ten-foot straight edge 
should be light in ord er t hat it may be mounted on a long 
ha ndl e to r each a ll parts of th e pavem ent surface. A ten-foot 
r each will enable th e pavement to be checked as far as the 
cen te r lin e from e it he r s id e . Light strai gh t edges have a de
cid ed tendency to wa rp, but th is may be lessen ed by us in g 
clear white pin e or cy pres s and soaking it we ll in oil be for e 
us in g . It shoulrl be checked freq uently a nd straightened it 
crook ed . 
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Special care shouhl be use <l on transit ion sections, s uper ele
vatect a nd wid ened curves, lJrid ge floor s, bridge a pproach sec
tions, e tc., as th ese us ua ll y req uire equipm e nt different from 
that used on the s tandard sections. Th e attemp t to pl ace 
these with ou t stra ight edges or te mplates us ua ll y r esul ts in 
uneven s urfaces. 

In a bility t o secu~e a smooth surface over the join ts is th e 
most frequ ent [ail in g of the untra in ed in s pecto r. Mak e sure 
first that th e h eader boa rd is a t t he co rrect e levation a nd is 
set ver ticall y . Then in s ist that strikin g off be continued ti ll 
th e concrete is absolute ly at correct grade from t h e head er 
back, as s how n by fr equent a ppli cat ion o[ th e str aight e<l ge. 
Start t he next clay's nm with the sa me care a nd a s moot h 
riding joint s hould r es ult. 

Curing. 

Th e variou s curin g processes r equired by th e s pecifi cations 
are to be u se.cl , as there stated, largely at th e di scr e tion of t he 
engin eer in cha rte of the job. Th e dil'ficu lty of s pecifyin g ex
actly what is des ired, und er vary ing conditions of materia l 
and weather, is th e r eason for th e ind e finit eness th er e a p
paren t . The sam e diffi culty exi sts in attempting to cove r th e 
s ubj ect in a manual of in stru c tion s. Ther e for e, detail ed in 
stru ction s are no t h er e g iven furth e r than to state that strict 
complian ce with the specifi cation s is th e rul e until in stru c
tion s to the contrary a r e secured from t he cl istric t e ng in eer or 
oth er comp ete n t a u thor ity . 

Close watch should be kept of the r es ults obtain ed, a nd 
th eir s uccess or failure r e ported at ever y opportunity with th e 
object of securing indorsement of th e m e thod used or a u
thor ity for ch a nge of methods in case t hey a re un sati s fa ctory. 
Th e h andlin g o[ setting ch ecks, commonly call ed h a ir cracks, 
will r equire th e closest attenti on a nd should be in t h e mind o[ 
in s pecto rs a nd r esid ent e ngin eer s a like, constantly. H er e 
again, experi ence or the advice o[ compe tent auth ority is 
more valua bl e than any set of instru ct ion s . 

Concreting in Cold Weather: 

Data on fil e with the Commiss ion s how conc lu s iv e ly tha t 
con crete put down in cold autumn weath e r does not have a <l e
quate oppor tunity to de velop its strength befor e goi ng into 
the winte r. Because of the da mage it may s uffer in conse
qu e nce o[ th is, the poli cy of the Commission is against plac
ing a ny concr et e wh en it will not hav e ample t im e to set. Thi s 
matter is well und er stood by most of the contractor s oper at
ing in this State a nd in con sequ e nce th eir work is usua ll y 
planned to eml in good t im e b for e winte r. Appa r en t fa ilure 
to so execute th e work is a matter th at, as a rul e, will be ha n
dl ed direct ly by t he di stri ct eng in eer or headquarter s repre
sentat ive. 
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CONSTRUCTION REPORTS AND RECORDS 

Daily P rogress Report, Form 238: 

Th e r esident engineer will be s uppli ed with a po cket fiel(l 
book ( IHC Form 238) in which h e sha ll da il y r ecord the m11n
be r of m en on each contract se pa rately, their tim e di stributed 
o ver th e variou s item s of work, and the amount of each kincl 
of work accom.:>li shed. 

Thi s data is k ept for th e purpose of supplying an accurate 
record from which the monthly progress reports can be com
pil ed , and to provide a n accurate da ily r ecord of th e forces 
employed and th e work accompli shed . 

M onthly Progress Report, Fo rm 239-A ( Revised) 

Th e res id ent e nginee r is r equired each month to mak e a 
monthly progress r e port to th e District Engineer. Thi s r e
port s ha ll be mad e up for each project se parately and mailed 
in s uch tim e that it will r each the di s tri ct engin eer' s office 
not later tha n the 27th of the mouth. The information con
ta in ed in' th~ report is used in r e ports to the Chief Engineer 
a nd th e Comm ission, and to be of valu e must be in on time. 
Th e re fore , promptness on the pa rt of the r esid ent engineer 
in startin g it on its way is essenti al. 

The r e port is to be mad e out in duplicate, the original sent 
to the di strict engineer, th e carbon copy to be retain ed in its 
binder by the resid ent eng ineer. The di stri ct engi neer will 
m a k e two typewritten copies, sendin g both to the Highway 
Commiss ion at Ames. 
Heading: 

All bla nks in the h eadin g should b e carefully filled in to 
enable e veryon e who is concern ed with th e r eport to r eadily 
ic~ entify it whether or not h e is famil iar with the project. 
Among hundred s of r eports one not properly labeled can 

asily becom e a source of error or delay. 
List of Al I Contracts on Project: 

On th e ordinary project th e numb er of items contracted 
fo r will not be greater than th e number of lin es provid ed in 
thi s tabl e . In case it should be greater additional pages may 
be used, numbering each at th e top to clearly id entity it, a ncl 
pinning a ll securely together. 

Begin by entering th e nam e of th e earliest contractor on th e 
project in th e first column and first lin e. Follow hi s nam e 
with a ll th e information r egarding hi s contract th at is r e
quired by th e succeeding co lumn s if sam e is avail able by any 
means. In case his contract cover s more than one item, s uch 
as excavation , tile, tiling, pa vin g, grave ling, guardrail , e t c., 
list s uch addi t ion a l items and the qu a ntiti es in th eir prope r 
column s immediately fo ll owing the fir st item , withou t r e peat
ing th e nam e of th e contractor . Proceed in a s imila r mann er 
with succeeding contractors a nd thei r contracts until a ll ite m s 
und e r contract, whether completed, und er way, or not yet b e-
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g un have been entered in this Lable. In the case of a projecl 
be ing prosecu ted by clay labor , or of a n ite m of major impor
tance a ut hor ized Lo be ha ncll e cl by Force Account, s uch proj
ect or item sha ll be reported in t he same mann er as a con
tracted item , the mann e r of h a ndlin g bein g s pecified in place 
o[ the contractor's nam e. 

Under "Section or Divis ion" a ll the id entify in g marks to 
be hacl a r e often 110J1e too many to one n ot familiar with the 
job. U nd er "Estimated Quantity" note immed iately a ny re
vi s ions mad e in t he origin a l estimated quantities. Und e r 
"Numb er a nd Kind of Outfits" s pe cify, as clearl y as possible 
in the limited s pace, the type of equipm en t the contractor is 
us ing on t he work, for example: "2 El e vators," "2 Fresno 
gangs," " l Cen t r a l Mix er ," "1 Traction Ditcher," " 12 Tilers," 
etc. · 

Work Accomplished: 

In thi s table Lh e work is separated by operations r egardless 
of who may be th e con t ractor. For example, if two or m ore 
coHtractor s hav e ~ontracts for Gravel Surfacing on th e same 
proj ect, enter the na m e of each on one of th e lines allotted to 
this heading, ancl follow hi s na m e by his quantity for t he cm 
rent month, follow ed in th e s ucceedin g column by hi s total to 
el ate. In th e column h eacl ecl " Total of Each Operation" acl<I 
together th e "Total to Date" of a ll t he con t ractor s who have 
clone gravel sur fac ing on th e project. 

In th e n ext column place a per centage figur e that is ob
ta in ed as fo ll ows: Assume fo r th e purpose of t his re port 
that th e project consists only of th e con t racts let a nd work 
a 11Lhori zecl by cl ay labor or for ce account. Thi s is true so far 
as the Constru ction De partm ent is con cern ed, they having 
nothin g to do with section s of a project not yet authorized fo r 
construction. Usin g es timated quant it ies a ncl th e unit pri ce 
of the variou s con tracts calculate what th e to tal cost of a ll 
th e work und e r con tract will be. To th is add th e estimatecl 
cost of a n y day labor or forc e account work. Divide th is total 
cost of t he project in to th e total cost of all the grave l surfac
in g on th e proj ect a nd th e r esult will be t he percentage of the 
en t ire project cost that t he gravel surfacin g r epr esents. 

In th e column second to the last place a perce ntage figure 
calculated by dividin g th e total of a ll gravel surfac in g und er 
con tract on th e proj ect in cubi c yard s in to the total of a ll the 
gravel surfac in g that has been compl eted to date . 

In the last column w ill be placed a weighted pe r centage 
figure which is the produ ct of the per centages a lready cal
culated fo r th e two preceding column s. 

Attention is in vited to the fact that in the third column 
from th e last the total of the pe r cen tages of t h e cost r e pre
se nted by th e various operat ion s is a lways equ a l to 100 per
cent. 

Attention is a lso invited to th e fact that the cla use cover
in g Special Classification of earth excavation no longe r e xists 
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in the s pecifi cations a nd t hat t he re fore the m ethod of repor t
ing excavat ion on F orm 23 9-A is cons iderably s implifi ed. 

Th e m e thod for fu t ure work will be as indicated on th e r e
vi sed Form 239-A (r ev ision not yet prin ted ) . Th at is, t he 
qu a n t it ies of earth excavation , loose r ock , a nd solid r ock 
m oved by each con tractor each month will be r e ported as in 
th e past, as will also hi s total to da le a nd t he t otal of a ll ex
cavation by a ll contractors to el a te for each class. These las t 
fi gures (colu1fm 4th from t he las t ) will th e n be totaled a nd 
thi s total figur e will be placed beneath th e r eel lin e below 
Solid Rock Excavation a nd on l he lin e entitled "Total Excava
tion on Project , All Classes ." Th e pe r centage in th e la st 
three columns will th en be calcnlatecl for thi s total of all ex
cava tion on the project, in the m ann e r described above for 
Grave l Surfacing. 

Ca re should be take n to fill in th e " T ota l P ercentage of lh c 
Project Completed" a t th e bottom of the page . 

A ccuracy is necessar y i[ thi s r e por t is to be of a ny va lu e . 
Look o~er your figur es wh e n t he calcula tion s are m ade ancl 
see if th ey 11.ppear logical. Th e cen t ral offi ce force has fre
qu ently been compell ed t o r ecalcul a t e a n entire r e port b -
cause of som e wild e rror th a t th e mos t ca sual glan ce warn s 
th em mu s t exi st some wh e r e in th e r eport. 

K eep th e es tima t ed qu a nti t ies in th e seve ral contracts up 
to da te by revi sing th e m wh e ne ver it appears that ther e will 
be a variation from th e ori g inal qu a nti t ies. 

All th e purposes intend ed wi ll be serv ed if the percentages 
called for are calcu lated only to th e nea res t whol e number. 

Wh e re ver a per centage fi g ure is used write it a s a per cent, 
not as a decima l fra ction. That is , e ighty pe r cen t is writte n 
80. not .80. 

Th e entire proj ect i s to be included in th e one r epor t , not 
sepa ra t e section s of a project each on a r e port of its own. In 
a ny ca se whe r e the la tte r prac ti ce is necessary s pecia l noti ce 
will be g ive n. 

Wh en a ll work und er contract on a project bas been com
pl et ed di scon t inu e t h e r e por t. Ma ke a notation on the face or 
t he las t r e por t that it is "Final ," or if it is impossibl e to send 
in a fin a l r e por t a t that tim e clu e to the fact that final cross 
sect ion s ha ve not been ta ke n , m a ke a note that it is th e "Las t 
R eport till Fina l Qu a ntitie s are Obtain ed,' ' or som e oth er 
proper state ment of th e case . Th en as soon as th e final Quan
t iti es are a va ilabl e a "Final" repor t should be sent in with
out fail. 

Wh e n a ll work is di sco n t inu ed on a project for a lon g pe
ri od of time th e r eport s h ould be di scontinu ed temporarily 
a nd a n expla na tory notation m ade on th e las t s uch as "All 
work closed clown for th e winter ." 

Daily Inspection Reports (Form No. 224): 
On pa vem ent con s tru ction th e re is to be ke pt by th e in s pec

tor on the pavement a daily in s pection r e port. On the pri-
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mary road syste m at present there is be ing built but one 
type of pave me nt, nam ely, re inforced concrete. For the in
s pection r eport on this work Form No. 224 is to be used. Thi s 
r eport is to be mad e up in tr ipli cate and fil ed with tlw res i
dent engineer each evening. It mu st be und erstood that the 
r eport is to be mad e for each workin g day wh e th er or not 
any pave m ent was la id. 

One copy of the tolaily in s pection r e port s hall be r etain ed by 
th e r esid ent engin eer; the other two co pies be ing forw a rd ed 
to the distri ct e ngineer. 

The district e ngineer sha ll keep on e copy and forward th e 
original to the commission at Ames. 

Order for Extra W ork ( F orm 240): 

Whenever it is necessary for ex tra work to be pe rform e(I 
by the contractor, the r esid ent engineer will issue a writte n 
order, us in g Form I.H.C. No . 240 . If the extra work is of a 
minor nature a nd needs attention promptly th e r esid ent en
gi neer may i~sue., th e order for same promptly. H th e extra 
work is of som e importance, or involves the expenditure of 
a ny con sidera ble sum of mon ey, or doe s not r equire imm e
diate attention, the r esid ent engin eer shall iss ue no order 
there for until he has consu lted with and secured the ap
proval of the di stri ct eng ineer. The work may be an extra 
paid on an agreed unit pri ce basis, or it may be forc e accou nt 
work paid on a cos t plu s bas is. In e ither case , specify th e 
basis of paym en t as indica ted on t he blank form. 

This form is to be made out in tripl icate, th e ori g ina l given 
to the contractor, one dupli cat e forwarded to the di stri ct en
gineer, and the r ernaining dupli cate r etain ed in its binde r by 
the resident eng ineer. 

Daily Force Account Records ( F orms 317 and 318): 

A daily r ecord of material a nd labor on each forc e account 
job shall he k ept on Forms No. 317 and No. 318 . More de
tai led instru ction r egarding these r eports wi ll be fo und und e r 
Payments. 

Engineer's Approva l of Completed Work ( Form 241): 

When some well-defined portion of a proj ect is completed 
r eady to be opened for traffic, the resid e n t e ngin eer may ap
prove of this part of th e road , using I.H.C. Form 241. 

In t he event of several parts or sections bein g approved in 
th is manner, then on the last section the engineer should 
write on th e blank lines provid ed, "Thi s a pproval together 
with the approval of sections previous ly g iv en will consti
tute the e ngin eer 's approval of the entire project, pending 
acceptan ce by the Board and Commiss ion ." 

The original copy is to be g iven to the contractor, th e car
bon retained in its binder by th e res id ent engineer. Before 
making such a pproval, th e r es id ent e ng ineer shall consult 
with and secure the approval of the distri ct enginee r. 



Weekly Bridge Progress Report (Form 239-B): 

Thi s r epor t is to be made ou t in t ri pli cate, one copy r e
ta ined by th e r es id en t engineer , one copy m a il ed to th e di s
tri ct eng ineer , an d one copy ma il ed to th e general offi ce a t 
Am es. 

A : ceptance Bl a nk (Form 435) : 

This form . is to be m a de out wh en th e work is completed 
in a n a cce pta bl e m a nn er. Please note thi s acceptance is to 
show th e s ig na tures of th e Board of Supervi sor s, th e Highwa y 
Co mmi ssion , th e Di stri ct Engineer and Con tru ction Engin eer. 

Thi s form is t o be u sed on t he completion of a ll co ntrac t 
work. 

MATERIAL INSPECTION 

M aterial Inspectors-Pl a nt: 

In s pection of materi a ls a t produ cin g plants will be und er 
the direct s upervi sion of the Eng ineer of Materia ls a nd 
Test s . 

Mate r ial Inspectors- Project: 

In so far as possible m a t e ria ls will be in s pected a nd t estecl 
befor e a rrival a t the site of the work. Wh e n thi s is not pos
s ib le definite arra ngem en t w ill be m ade for th e ass ignm ent 
of a material in spect or to th e project. 

Quality of M aterials: 

Prelimina r y approval of th e source of supply of a ll mate
ria ls mu st be secured from th e Engineer of Ma teria ls a nct 
Test s . 

All shipm ents of mate rial s for use on feder a l a id a nd pri 
ma r y road and bridge work mu st be a pproved by the Eng in
eer of Materia ls and Tes ts or hi s authorized r epresentative 
be for e use or before m ateria l estimates a r e a llowed. When 
m a t erials mu st be in spected a t t he site of hi s work, th e r esi
dent e ngin eer will act as the authori zed r e presentativ e of the 
En g ineer of Mat eria ls and Test s . In s uch cases a m a t erial 
ins pector may be de tai led to th e project. Th e materia l in
spector will r eport direct to th e r eside nt en g in eer a nd wi ll 
be und er hi s juristiction . 

Wh e n mater ial s are in s pected befor e a rrival at th e s ite of 
th e work, th e r esid e nt eng in eer will rece iv e a writ ten noti ce 
of approval or r e jection upon a ll shipm e nts . It s hall be th e 
duty of th e r es id ent eng ineer to check a ll shipm ents a gain st 
t he a pproval notices a nd keep a r ecord of a ll shipm ents s ,10w
ing if a ctually used or diverted. If shipm en ts whi ch should 
be in s pected at th e p la n t a rrive withou t noti ce of in spection 
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they sha ll be h e lcl until the r esid ent engi nee r can get instruc
tions from the laborator y or testing station in c ha r ge of the 
shipm ent. Such in stru ction s s hall be secured by telephone 
or te legraph if necessar y to avoid delays. 

R e jection s of materi a l by a r epresentative of the Engineer 
of Material s and Test s are not r eviewabl e exce pt by the En
gineer o[ Mate rials and Tests . 

The r esident eng.ine er shall see to it that a ll mater ia ls are 
given a thorough ins pection before use, in order to guarcl 
against mi s takes that may be mad e in in spection or damages 
that may occur to mate ria l in transit. 

IF MATERIAL THAT HAS BEEN PREVIOUSLY AC 

CEPTED BY AN AUTHORIZED REPRESENTATIVE OF 

THE ENGINEER OF MATERIALS AND TESTS IS FOUND 

BY THE RESIDENT ENGINEER TO BE DEFECTIVE HE 

SHALL CAUSE SAME TO BE SET ASIDE, AND SHALL AT 

ONCE NOTIFY THE ENGINEER OF MATERIALS AND 

TESTS, AND• T H'E DISTRICT ENGINEER BY TELEPHONE 

OR TELEGRAPH . THE ENGINEE R OF MATERIALS AND 

TESTS SHALL MAKE FINAL DECISION , AFTER CONSUL

TATION WITH THE RESIDENT ENGINEER . 

All r esid e n t engin eer s and in spectors charged w ith r es pon
sibility for acceptance of mate rials shall report dail y to th e 
District Engin eer a nd Engineer of Material s and T est s upon 
the prescrib ed fo r ms. 

L a boratori es a nd T esti n g Stat ions: 

P erman ent laborator ies are maintained as follows: 
Am es, address, Highway Comm iss ion Bu ilding. 
Des Moines, address, Box 352, Highland Park Station . 
Mason City, address, M. B. A . Build ing. 
Fort Doclge, address, Court House . 

Distri ct materia l inspectors a re assigned to those districts 
having a sufiicient volum e of work. During the construction 
season in s pectors will be stationed at the prin cipal plants 
producing mate rials used in highway work. It is the policy 
of th e Highway Commission to inspect material s at the source 
in so far as practicable . It shall be the duty of th e r es id ent 
e ngineer wh e n starting wor k to ascertain the source of the 
materia ls to be used a nd arrange with the materials depart
m ent through the di stri ct engin eer for the proper inspection. 

Th e procedure with r espect to the variou s mate rials will 
ordinari ly be as follows: 

Sand-Gra v e l- C r ush ed Ston e: 

The r es id ent engineer shall have a ll shipm ents examin ed t o 
guard against mistakes and clamage in transit. If in spect ion 
is to be mad e at th e site of th e work, the r esid ent engineer 
will be h eld res pon sib le for proper in spection and r eport. 
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Wh en lesls cannot be made sam pl es s ha ll Il e senl lo Lile 
nearest permanent laborator y. 

Reinforcing Steel: 

The r es id e nt e ng ineer s ha ll have a ll shipm ents in s pected 
for s ize and co nditi on. Stee l from warehouses at Des Mo in es, 
Clinton, Waterloo, a nd Ft. Dodge will be in s pected at the 
so urce. Lots of 100 ton s or more from points outsid e the 
s tate may be• in s pected at the source. Wh e n not inspected 
befor e a rri val, two rod s 24 to 30 in ches lon g from each 10 
tons of steel r eceived s ha ll be forward ed to t he Ames la bora
to r y. Th e r esid ent eng in eer s ha ll cauti on the contractor t hat 
unl ess th e s teel is to be in s pected before shipm e n t, ex tra ba rs 
of each size shou ld be ord e r ed fo r tes ting. 

Drain Tile: 

Arrangem ents will be mad e in so fa r as possible to in s pect 
drain t il e at the facto ry. If s uch a r rangemen ts are not made 
the r es ident eng ineer sh a ll select s ix r e presentative t il e from 
each on'e-ha.H (½) mil e of ditch a nd fo rwa rd to th e nearest 
test in g laboratory. Tile repr esented by such samples s ha ll 
not be placed until t he resid ent engin eer is notifi ed of a p
proval. It will be n ecessar y fo r the dist ri ct e ngineer to get 
instruction s fr om the Engineer of Mate ria ls a nd Tests as to 
how each project will be ha ndl ed . The res id ent eng in eer 
or materia l in spector s ha ll in spect a ll til e before lay in g, to 
det e rmin e whe ther th e til es comply with th e s pecification s as 
to dim ens ion s, shape a nd fr eedom from visible extern a l a nd 
internal defects . 

Cement: 
In gen eral , cement will be tested or sampled at the mill. 

District eng in eer s a nd r esid en t eng in ee rs w ill be not ifi ed hy 
Engineer of Materia ls and Tests of approva l or r e jection of a il 
s hi pments . If necessary, to avoid delay in unloading cars, ap
proval will be based upon r esults of 24-hour tests. Copies of 
complete tests will be fil ed with di strict e ngineer s. If car s of 
cem ent a rrive upon whi ch the r esid ent eng ineer doe s not 
have a r e por t he sha ll comm uni cate with th e la boratory whi ch 
s hould have mad e the test, by te legraph or tele phone it n eces
sar y. If this la boratory has not sam pled the car or car s in 
question , the resid ent eng ineer sha ll ta ke th e sampl es a ncl 
fo rwa rd to the laboratory. Th e shipm ent sh a ll th e n be he ld 
un t il notice is receiv ed from the labo rator y. 
Paint for Bridges and Guard Rail: 

Th e r esid ent e ngineer s ha ll submit promptly to t he eng in 
eer of materials and tests the fo ll ow in g in for mation concern
in g each shipm en t of paint. to be used on primary road or 
IJriclge work: 

P r oject number. 
Nam e of cont ractor . 
Kind of paint. 
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Name or man11racturer. 
Name or deale r. 
Manufacturer 's ana lysis as giv en on t he containe r. 

Pain t s ha ll not be used until accepta nce notice is r ece iv erl 
fro m t he e ng in eer o[ ma te ri a ls a nd tests. Acceptance or re
jection will be made promptly upon receip t of above inform a
t ion, or the r esid ent engin eer wi ll be di rected to fo rward sam-
ples fo r testin g . • 

In th e case of re el lead pa in t th e engin eer sha ll determine 
t he w e ight per gall on of the pa in t as submi tted. Tf t he weight 
per gall on is less than that g iven in the s pecifi cations, th e 
paint s ha ll be r ej ect ed without furth e r tests. 

Guard Rail Posts: 

Arrange ments m ay be mad e for plant in s pection of pos ts 
shipped from Minneapoli s or Saint Pau l. In a ll oth er cases 
the resid ent e ngineer sha ll make t he in s pectio n. II' th e post s 
a re to be treated at th e site of t he work, a on e-pint samp le 
of the presen 1ative sha ll be forward ed to the Ames labora
to ry. Th e r es ic1 en1 eng ineer s ha ll fil e a r epor t with th e E ngin
eer of Materi a ls a nd Tests and di stri ct enginee r , upon the 
form prescrib ed. lo cover each carload Jot or less. 

Guard Rail Cable and Fittings: 

Resid e n t engin eer s ha ll send sampl es to the Ames labora
tory a s fo llow s : 

36 in ches of cabl e for ea ch 5000 [t. of gua rcl r a il. 
1 each of a ll fittin gs. 

Corrugated Metal and Concrete Culvert Pipe: 

Resid e nt engineer shall secure from the Materia ls Depart
me n t approva l of source of s upply a nd shall examine a ll cul
ver t pipe for condi t ion a nd v isible de fect s . 

Miscellaneous Materials: 

All materi a ls mu st be in s pect ed prior to use. For in spec
tion of materials not covered by these in stru ction s the r esi
dent engin eer sha ll r equ est in stru ction s from t he Materia ls 
Departme nt. 

Samp ling a nd Testing: 

All samplin g and test in g sh a ll be cl one as described in t he 
Fie ld Manua l fo r Concrete In s pector s or in accorda n ce with 
additiona l instru ctions issued by th e e ng in eer of material s 
a nd tes t s. Samples shall be m a rked a nd id e n t ifi ecl as follow s: 

1. Some characteri stic mark. 
2. Kind of project a nd project number. 
3. Nam e of contractor who intend s to use mater ia ls. 
4. Parti cul a r unit of materi a l r eprese n ted. 
fi . Quantity of materi a l r e presented. 
6. Name of producer a nd location of producing plant. 

Form s 1o. 193 for id entifi cation or s pecimens or sampl es 
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1. 

L 

L 

can be sec ured at any t ime from t he Materials Depar tment at 
th e Am es offi ce. 

MATER IAL RE P OR T S 

Road W ork : 

All per so ns vested with a u thority to accept m ate r ial s ha ll 
re por t da il y to t he d istr ict e ngin eer a nd the Engin eer of Ma
te ri a ls a ncl 'J;ests u pon t he pr escr ibed fo rm s. 

In spector s of pr opor tioning a nrl measu rin g s ha ll prepare a 
dail y r epor t upon Co rm s as prescribed by t he engineer of ma
ter ia ls a nd tests. Thi s repor t s ha ll be coun tersig ned by the 
r es id e n t engin eer a nd for ward ed each cl ay to the dist ri ct e n
g ineer a nd E ng in eer or Materi als a nd Tests. 

B rid ge W ork: 

R esid e n t eng in eers, unless r e li eved of t hi s du ty by s pecific 
a rra ngem en t, will pr e pa r e a re por t fo r each strn cture co n
stru cted, as prescri bed by the E ng in eer of Materi als a ncl 
Tests.• T his repor t is to be fi led w it h th e di strict eng ineer 
an d En g in""eer of Materi a ls and Tests, and s ha ll in clude r e
por t of test data on a ll materi a ls used or reference to la bora 
to r y numbe r und er w hi ch th e tests wer e made. a nd recor d ol 
proport ions used. I[ i t is necessar y to ma k e any tests upon 
th e work, t he necessar y eq ui pmen t will be s uppli ed by t he 
Am es off ice. 

TEST SPECIMENS TO BE MAD E IN THE FIELD 

P aving 

Respo n sibi I ity for T est Specimens: 

On each pav in g project und e r co nstru ction , test specim e ns 
a re to be made each cl ay fr om the concr ete as it is bein g 
pl aced in the pavem en t slab. Th e in spector s uper visin g t he 
p lacin g of the con crete s ha ll ma ke the specime ns a nd r eco rcl 
th e da ta he reinafte r ite mi zed. 

Th e da il y test s pecim e n s req uired a r e two 6x12 cylinder s. 

L ocati on: 
Each clay at irregul a r ti mes, the pav in g in spector sha ll 

ma ke t hese s pecim e ns a nd keep a n accurate record of the 
stationin g a nd th e distance r ight or left of th e cen te r lin e 
lookin g in t he directi on of th e survey, of th e locati on of the 
batch fro m whi ch the con cr ete was taken. Mak e both cylin 
ders at one t ime. 

M olding: 

Th e s peci mens s ha ll be m olded by placin g th e concr et e in 
t h e fo rm s in layer s approx imate ly 4 in ches in depth. Each 
layer sha ll be pu dd led with 25 to 30 strokes wi th %-in ch 
r oun d steel ba r a bou t 21 in ches in length havin g a r oun ded 
point on the end placed in the con crete. Thi s method of 
m oldin g is of specia l impor tance a nd care s hould be taken 
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that the operation may be properly performed as outlined . 
Arter pudclling the top layer, t he surplu s concrete s houlcl be 
struck off with a wooden fl oat or a s imilar tool ancl an e tfort 
ma de to obtain a smooth surface w ithout us in g a trowel. A 
s ma ll board drawn back a ncl fo r th across t he cy lind e r and in 
con tact with t he mold wi11 wi th care provide a sati sfactor y 
surface. Th e mold should be placed on a boa rcl LO in sure a 
smooth surface on tpe lower encl. 

Washed Concrete Sample: 
At the t im e o[ molding t he cy lind e r s e ig h t or ten pouncl s or 

concrete s ha 11 be taken from t h e sam e batch as that from 
whi ch co ncrete for the cylincl e rs was obtain ecl . Place t hi s 
concrete in a n ordin a r y 14-qt. pa il. \Vh en th e cylinde r s il ave 
been tak en car e of, m ove the pa il to some location wh er e by a 
constant str eam of water may be tu rn ed into it. Adju st the 
fl ow so th at t he cemen t wi11 be fl oated off as the mass is 
stirrecl. Continu e th is process until no cem e nt appears in 
the overflow ~ ater. In th is m e thocl care should be used in 
r egulati ng th e forte and flow o[ th e water so that fin e sand 
may not be drive n off w ith t he cem e nt. 

Storage: 
Th e cylinder s sha ll be r emov ecl from the mold s approxi

mately 24 hours after they a re m a cl e. Th ey s ha 11 b e buri ecl 
in ear th at th e edge of the pave m en t sla b, in t he gro uncl near 
t he fence lin e, or pl aced on th e pav ement slab a ncl complete
ly covered wit h dirt. In a ny case th ey a r e to be k ept in the 
same moisture conditi on as th e pavement s la b and for t he 
same period of tim e. 
Marking: 

Each pair of cyli nd e r s cons titute a set. Each set s ha ll be 
number ed con secu t ively, beginning with numbe r on e. In a ll 
clition to th e set numb er, each cylind er sha ll be marked w1,11 
t he letter assigned to th e in s pector fo r that pu rpose . Th e 
most satisfactor y method of m a rkin g is to use black paint di
r ectly on th e s ide of th e cylind er shor t ly after the form or 
mold bas been r emoved . The a ssig nm ent of lette r s to projects 
is on th e last page of this memorandum. 

Data to Be Recorded: 
The foll owing data sha ll be r ecord ed in th e pav in g in s pec-

to r 's notebook a nd on the car d from I. H. C. No. 466. 
1. Se nd er 's ma rk and numb er. 
2. Date. 
3. Kind of project. 
4. Proj ect n umb er. 
5. Stationin g of batch fr om which cy lincl er s we r e /tlacle . 
6. Di s tan ce a nd clirection from cente r lin e. 
7. Propor tion of mix by w e igh t. 
8. Maximum a nd min imum temperature. 
9. General weather concliti ons. 
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10. Slump o[ concrete by cone method. 
11. Sou r ces of materia ls. 
12. Bra nd of cement. 

After r ecordin g thi s informat ion , l he paving inspector s hall 
e nclose t he card bearin g it, with the sa mpl e obtained rro m 
th e wash ed con cr e te a nd fo rwa rd e ith er to hi s plant in s pec
tor or to t he n earest Iowa Highway Comm iss ion laboratory. 

Th e plant or t he la borator y will place on t he back of t he 
card th e followin g information: 

1. Si e ve a na lys is. 
2. P e r cent a nd kind of rotten stone . 
3. P er cent s ha le. 

In runnin g the sieve a na lys is, the whol e sample as r eceiv ed 
Crom t he pav in g in s pector s ha ll fir st be s plit on t he number 4 
sieve, and the per cent passin g the sieve r ecorded on t he 
bla nk space at the bottom of t he card. The n a complete s ie ve 
analys is s ha ll be ru n on a ll that por t ion of the sample r e
ta in ed on th e No. 4 sieve. A s ma ll er sample, say 1000 grams, 
will s uffice Jor the a na lys is of the materi a l passing the num 
ber 4 s ie ve . Ehch a na lys is s ha ll be r ecord ed as run, se p
a rate ly on th e care!. Do no t combine th em. 

Assignment of Letters: 

For th e id entifi cation of tes t s pecime ns wh e n asse mbl ed 
[or testi ng in Am es, a letter or symbol is a ss ign ed fo r each 
mixe r on th e proj ect durin g con stru ction. If a mi xer moves 
on to a proj ect of a differ e n t n um ber , a nother letter s hould be 
g iven it. 

Object : 
A stud y of the results obtained from tests of th ese ii e lcl 

s pecim e n s has yie ld ed valu a ble data in t he dete rmination 
of th e eff ect of differ en t mate rial s and of diffe r e n t method s 
of constru ction upon th e stre ngth of th e concrete in our pave
m en ts. 

R eli a bl e data obtained in th is way is of g reat ass is tan ce 
in the r evisions of specifi cations Crom t im e to t im e for t he 
improvement of the pave m en t. Th e r esults of tests has bee n 
found to be a valu a bl e part of th e perman en t r ecords of th e 
r oad. 

Bridge Work 

U nl ess otherwi se ord ered, two test s pecimen s of con crete 
a re to be ma de from each culvert a nd from each abu tme n t, 
pi er and fl oor slab of oth er structures. T he in s pector super
vising the placing of th e co ncrete shall m a ke the s pecim e ns 
a nd r ecord the data he r einafter itemi zed. 

Molds for tile s pecimens sha ll be secur ed from the Hi ghway 
Commission, or e lsewh er e as directed. 

Molding: 

Th e specirne ns sha ll b e molded fro m the concrete as it is 
poured in accordance w it h t he instru ctions g iven above for 
molding s pe cim e ns for paving work. 
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Storage: 

IC fiber m old s are used , the m old s sha ll be left on the speci
mens . If metal molds a re used , t hey sha ll be removed when 
th e concrete is 24 hours old. Th e specim e ns shall be so 
stor ed on th e job as to r eceive th e same curing treatment as 
s tructure r eceives. At a el ate no t later tha n the elate of 
fina l inspection of the structure, the specimens shall be taken 
to the h eadqua rte rs.o f th e resident engineer and s tored out 
of doors . -wh e n th e proj ect is fini shed, the s pecimens sha ll 
be shipped by fr eight to th e H ighway Commission, Ames, 
Iowa. 

M arking : 

Each pa ir of cylind er s cons titutes a set . E ach set sha ll be 
numbe red co nsecutively beginning with number one. In ad
dition to th e set numbe r, each cy lind er shall be m arked with 
a lette r or other symbol assigned by th e Department of Ma
terials and Tests for that purpose. The most satisfactory 
m ethod of ma~king is to use b lack pa int directly on t h e con
cr et e. If fib er mo1'cl s are u sed, the m ark ing may be clon e on 
the mold in some way to in sure aga in st erasure . 

Dat a t o Be Recorded: 
Th e following da ta shall be r ecord ed in the in specto r 's note 

book and on the form furnished by t he H igh way Commission: 
1. Sender's mark a nd number. 
2. Date cylind er s were molded. 
3. Proj ect numb er . 
4. Item number . 
5. Description of stru cture. 
6. Part of stru ctu re. 
7. Contractor. 
8. Date of contract. 
9. Proportions . 

10. Brand of ce ment. 
11. Sources of sand and coar se aggregate . 

Th e card bearing this in format ion shall be forwarded to the 
Hi ghway Commission with the weekly constru ction r eport. 
If fib er molds are used, a d upli cate of the card shall be en
c:lo secl in th e e nvelope tag attached to the s ide of t h e mold. 

STATE PARK AND ST ATE INSTITUTION ROADS , LAKE 

SURVEYS AND IMP R OVEMENTS AND LAND SURVEYS 

Surv ey s, Pl ans a n d C onstructi on 

Gene ra l: 

Th e instru ction s r elative lo surv eys, plans a nd construc
t ion on primary roads -sha ll apply in ge neral, mod ifi ed or ex:
plainecl by the following notes. This phase of the work is 
generally hand led from the central office u nder the direct 
sup ervision of the e ng ineer assigned to thi s work . 



Park Road Surveys 
Datum: 

Use U. S. G. S. or some other Governmen t Datum if B. !Yf.'s 
for suc h be anywhere near Lhe work. Cou nty Engineers can 
vrobably be o( consid erabl e a ss is tance in g ivi ng inform ation 
regard in g thi s. On Lake Su r veys there a r e B. !Yf.'s es tab
li shed fo r the m eande red la k es as shown on plats ther eof. B. 
M. levels are to J)e checked. 

Alignment: 
In t he park work straigh t a li gnm ent is not as n ecessary as 

on r egular prima ry road work. W e w is h to preserve th e nat
ural features of t he park in so far as possible without sacri
ficing safety too much to obtain th is. Valuable trees allCI 
oth er features ar e to be avoid ed i ( possible. Circular curv es 
are not a ltogether n ecessar y, although it may b e eas ier to 
run such as a base line for t he su r vey, a nd a li g nment may lJe 
adju sted on constr uction . In general w e wish the a li gnm ent 
to fit the c.ont~ur of th e gr on nrl as much as possible. 

Grades: 
Our m axim um g rade so far has been 10 percent in work 

whi ch we ourselves have planned. If 8 pr r cent or 6 per cent 
maxim um gra des can be obtained , however , by r e locations or 
shifts in a lig nm ent without too much cutting a nd filling, we 
prefer t hat thi s be obtain ed. 

Topography: 

Cr oss section s s hou ld be taken far e nough out to perm it of 
shifts in a lig nm en t, a nd natural featur es s uch as stream s, 
etc., near the r oad, should be located so they can be platted. 
Ties to park corn er s or boundaries should a lso be obtained. 

Notes: 

Th e a li g nm en t shou ld be platted as the work progresses, 
from com puted lat itudes a nd departures, a nd ch ecked for 
clo sures if possib le. If t im e is availabl e the work should be 
platted on a scale "1 in ch equals 100 ft." so that when t h e 
data com es t o the ot'fice it will be of a id in working up t h e 
final plans. Workin g profiles should be kept up, drainage 
a r eas obtained , and in gen eral such data as i s required on 
primary work should be obtai ned. 

Blazing Trees: 

A minimum amount of tree blazing a nd lin e cuttin g will be 
permitted. We do not wish to destroy or mark trees too 
mu ch , as th e roads may never be built, and in a n y event this 
should be kept to a m ini mum. Paper roofing di scs w ith Gel 
nails and r ed rag und er di sc with sli gh t blaze in bark is of
fe r ed as a suggestio n for r e fer enci ng ou t points. 

Clearing and Grubbing: 

The preliminary s urvey sh ou ld sh ow in format ion as to th e 
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1,roba bl e a m ount or clearin g a ncl g rubbin g . Frequently bid s 
a r e asked fo r thi s work on t he sq ua re roe! basis, a ll trees un
der 3-in ch cliameter bein g classed as brush . Obviously the 
pre limina r y clata will be approximate, bu t a statement of the 
a pproximate numb e r of squ a r e rocl s of clearing a ncl sq uare 
rocl s of clearing a nd grnbbing, grouped according to the prob
a ble section s of roall into which the project may be divided 
will be of valu e. 

General: 
The above a r e m er ely a few points to be kept in mine!. 

Notes should be co mpl ete e nou gh to depict condition s as they 
a re without leavin g anythi ng out or to be g uessed at. Class i
fi cation of materia l to be excavated s houlcl be shown in notes 
and on working profil e, together with proba bl e shrinkage or 
swe ll. Suggest ed grades or control points s hould be shown 
on workin g profil e . Dra inage data, hi ghwate r m a rks, a ncl 
class ifi cation of watershed a re irnpo1· tant. 

• .J 
Lake Surveys 

The surveys frequ entl y neeclecl at t he various la kes are of 
a mi scellaneous cha racter a ncl cl etail ecl in structions will be 
g iv en in each indi vidual in stan ce. However , where the work 
is at a lake whi ch was platted and in clud ed in th e "Iowa La k e 
Beel Survey Repor t- 1917," a n end eavor s hould be m a de to 
"tie in " s ubsequent surveys with w ork prev iously cl one . Most 
of s uch former lake surv ey plats s how monum ents which 
serve both for level datum a nd alignment. Th ese monum ents 
a r e sometim es diffi cult to fine!, but generally a t each lak e it 
wi ll be poss ibl e to find some of th em. 

Boundary Surveys 
No phase of fi eld work probab ly call s for more judgment, 

skill a nd pa tie nce tha n land surv eys a nd subclivi s ions. The 
pa rty chief shoulcl be familiar with the rnl es, regul a tion s ancl 
methocl s u se cl in the original government surv ey, and a lso 
the later r egulat ion s of t he Government La ncl Depa rtm en t. 
Before s tartin g on the fi eld work, co pies of the original gov
ernm ent survey notes shou ld be obta ined for th e territory in
volved. Us uall y this can be obtain ecl at the county seat or 
from the r ecorcls at the State Hou se in Des Moines. In th e 
case of areas obtainecl for state pa rks, t he cl eecl descriptions 
should be obta in ecl. In addition , a ll r ecord s of surv eys mad e 
s ubsequ ent to the governm en t survey in the territory in
volved, whi ch may pertain to th e survey in qu estion or give 
a icl in makin g it sboulcl be obtained. Th ese recorcl s are fr e
quently obtaina ble at the county seat. Va luable information 
can often be obta in ed at the county seat. Valu a ble informa
tion can often be obtained from r esid ents in the territory in
volved. Sometimes thi s is mi s leading ancl confu sin g, but m ay 
be of great va lu e. 

In any survey it is of prim e importa nce that a ll corner s es
tab li s hed or found be r efer en ced so that th ey may be found 
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or restored at a later elate. In t he case of a ll co rne rs estab
lished, perm anen t monum e nts a re to be set, pr eferably of 
stone, iron or concr ete, fi rml y pla n ted. '\Vhe r e trees a r e 
near by, at least two wi tness t r ees s houl d be used, properl y 
marked a nd descr ibed in the notes. H there a r e no tr ees 
ava il a bl e, other na tura l or a r t ific ia l [eatures may be available. 
Eve ry e ffo r t should be ma de to e.·tabli sh so me k ind of r e fe r-
ence poin ts. • 

Volumes could be and ha ve bee n wri tten on th e vari ous 
proble m s that may be e nco unter ed a nd the meth od of solu 
ti on, bu t such wi ll no t be a ttempted h er e . H possible, a ny 
survey made shou ld be run to a closure a nd in a ny even t 
some k ind or a check sh ould be secured on t he wor k done. In 
th e case or a rea s ur veys , c losure of t he wor k will be in s isted 
upo n. 

In sear ching fo r corner s in the fi eld, ever y e ffor t s hould b e 
made to fi nd a ny corn e r s t hat m ay exist. They fr equently 
exi st, b ut often r equi re m ore t ha n a cursor y sear ch to fin d . 
H owever , if a ha lf day or so of d iggin g a nd sear ch r esul ts in 
a co rn er be in g found , the r esu lt is cer ta in ly m or e satisfac
to r y a nd bin d ing, a nd proba bly more economi cal th a n to sur
vey to r e-establish it. 

The ma in thing is to exe r cise common sense, be accurate 
a nd m a k e such a sur vey t ha t it can be r e-tr ace d in t he fi elcl 
fr om t he notes, e ven i [ m a n y o[ the cor ner s s hould be de
st royed . 

PAYMENTS 

PRIMARY ROAD CONSTRUCTION 

Genera l 

All bill s, est im a t es, a nd [or ce accoun t stateme n ts fo r F etl
eral Aid a nd Prima ry R oad work sha ll be pre pa r ed on form s 
fu rnished by th e Co mmi ss ion a nd in accor da nce w ith th ese 
in stru ctions a nd such s pecia l instru cti on s as may be issued 
in connection w ith individu a l pro jects . Care in k ee ping o f 
r ecor ds a nd rend ering o f es t ima tes wil l fac il ita t e pay ment s . 

Th ese in stru ctions s ha ll s uper sede a nd r end er void t he in 
stru cti ons set for th in P a r t Nin e of t he "Fie ld Manu a l, F edera l 
a nd S tate Aicl Road W ork" issued in 1922 . 

Ass essment D ist rict t he Un i t 

On a ll projects on w hich a par t o[ t he cost of constru ction 
is to be paid from s pecia l assessmen ts, t he assessme n t di s
t ri ct s ha ll be con sid er ed the uni t in pr e paring estimates a ncl 
vouch e r s [or pay men t o f cost of constru ct ion. Thi s is neces
sar y in ord er t ha t t he total cost o[ t he im prove m en t in each 
r oad assessme nt di stri ct may be sh own. 
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On a ll projects in volving s pecia l assessm ents th e R es iclen t 
En g ineer s ha ll show t he numbe r of road assessm ent di s tri cts 
on t he uppe r rig h t-ha nd corn er of th e voucher s, es tima tPs 
a nd for ce account sta te ments, a nd in preparing sam e car e 
sha ll be tak e n to see tha t only one a ssessm ent dis tri ct is in 
volved in each vou che r , es tim a te a nd for ce account s tatement. 

Authority for Expenditure 

No vou cher s or• es tima tes cov ering exp enditures of a ny 
na ture whatsoever shall be incurred unl ess the sam e sha ll 
have been pre viou sly authorized by a n authority for expendi
tur e (A. F . E.). Each es tim a t e a nd vou ch er mus t show upon 
its fa ce th e A. F . E. numbe r a gain s t whi ch th e expe nditure is 
to be charged. 

Th e r esid e nt e ngin eer should keep a r ecord of all es timates 
a nd vouch er s drawn agains t each A. F. E. and if it s hould a p
pear that th e amount of th e A. F. E. as origina ll y iss uecl 
will be in sufficient to cove r t he cost of th e work, advi se th e 
dis tri ct eng il;)eer to th e e ncl th a t a dditiona l A. F. E. be ob-
ta ined . J 

Forms Used 

Th e followin g na m ed form s s ha ll be used: 
No. 308, Vou ch er or bill. 
No. 314, :\Ds t imate Sh eet . 
No . 315, Force Account Sta te ment, Ma t eri al, e t c. 
No. 316, Force Account Statement, Pay Roll. 
No. 317, Da ily Material R eport, Force Accoun t Work. 
No. 318, Da il y Time R eport, Force Accoun t Work . 

C lassificat ion of Work 

With refer ence to m a nn er of payment, a ll work s ha ll be di 
vid ed into two classes, namely : " Contract Work" and "Extra 
Work. " 

Contract Work: 
Contract work sha ll cons is t of t wo classes : 

(a ) Work contra ct ed a t unit prices based on qua ntity 
of produ cti on. 

(b ) Work contract ed on a for ce account or oth er special 
basis. 

Contract work based on unit pri ces shall be r eported on 
Form No . 314, as her ein a fter directed under th e heading 
" Monthly E s timates ." Contract work let on a force account 
or oth er specia l basis s hall be r eported in th e same ma nn er 
a s "Extra Work" referred to below. 

Extra W ork: 
Extra work sha ll be recorded and r eported in a ccord a nce 

w ith th e in s tru ction s directl y following: 
Extra work shall con s is t of two classes : 

(a) Extra work whi ch is be in g done on th e basis of unit 
pri ces or a lump s um. 
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(b) Extra work which is being done on the force account 
basis. 

Daily Force Account Record 

Force account work is one of t he most fruitful sources o[ 
difficulty and disagreement between engin eers and contrac
tors. This d iffi culty can be largely avoided by keeping the 
r ecord s each clay complete for that clay's work. For this pur
pose Form s No. hs, Daily Time Report, and No. 317, Dail y Ma
terial Repor t, hav e been prepared. Each day the resident 
engineer or inspector should make out in duplicate the ma
terial and time r e ports for each force account job separately. 
These sheets should be s igned by both the r esid ent engineer 
or the inspector and by the representativ8 of the contractor, 
one copy being r etain ed by each. 

All of th e in formation r eq uired by the blanks should be 
given. Under "Employment" should be li sted the class of em
ployment which a ma n is performing; that is, " laborer," 
"hoisting ~ngin eer," "fore ma n," "teamste r ," etc. The atten
tion of the erlt in eer is directed to the specification s which 
outline the items that m ay b e includ ed and the division of 
time whi ch is to be mad e [or for eman , timekeepers, or sup er 
inte nd ent on the work . Shoulo the e ngin eer' s representative 
be unable to agree with the contractor on any point, notes 
stating the difference shall be added on the r ever se side of 
th e sheet. 

Statement of Force Account 

At the e ncl of each two week s, the daily time and mater ial 
r ecord s s ha1! be transferred to Form 315, State m ent of Force 
Account-Materials, Supplies, etc., and to Form 316, State
ment of Force Account- Pay Roll. One copy of each of these 
stateme nts of for ce account sha ll be prepared and shall be 
certifi ed by the resident engineer and checked and approved 
by the district e ngin eer. 

Monthly Est i mates 

The monthly esti mates are to be prepared on Form No. 314. 
All data r eq uired by this form shall be added thereto. The 
data required by the various columns is as follows: 

"Item No." Th e number s entered in this column should be 
t he sam e as those shown in the proposal form, for the item 
of work being li sted. 

"Items." State briefly in this column the nature of the work 
such as "Earth excavation," "monolith ic bri ck pavement," 
"guard rail ," etc. 

"Rates." List the unit prices for which work is being con
structed . 

"Sum of previous estimates." Show the quantity aml 
amount of estimates which have been allowed for each incli
viclual item. 

"This estimate." Show the quantity and amount of each 
item included in this estimate. 
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"Totals to date." In thi s column show the s um of t he "pre
vious estim ates" plus "thi s estimate." 

In makin g up t he esti mate sheet, a ll of t he contract items 
shall be g r ouped und er the gen eral h ead in g of "Contract 
·w ork," keepin g each divi s ion or section separated and a ll or 
the extra work sha ll be grouped und er the ge neral h eacl ing 
"Extra Work." Extra work s ha ll be fu rthe r divided so as to 
show each incl iviclual .job a nd th e job na m e should be shown. 
It will be noted that ther e a r e blanks for the estimate numbe r 
a nd the s heet number. Separate estimates should be m a de for 
each separate con tract. Th e estim ate for each con t ract will 
be numbe r ed consecutively, beginning at "one." Should more 
than one sb eet be r equir ed in m a kin g up a ny estimate, t he 
sheets should a lso be numb er ed. 

One copy of the esti mate sh a ll be m ade to wh ich shall be at
tached on e copy of voucher, Form No. 308, a nd one copy of 
each of the "statements of force account" (Forms No . 315 
a nd 316) re fe rring to a ll [orce account in clud ed in that par
t icula r estimatl.!. '];h e es timate sh a ll be certifi ed to by the 
res ident eng in eer , checked and approved by the di stri ct e ngin
eer , a nd forwarded to the Iowa State Highway Co mmi ss ion. 

Vouchers 

All payments sha ll be m ade from the vouchers prepared on 
Form 308 a nd whi ch sha ll be fu ll y itemi zed. In pre pa ring 
vouchers from the eng ineer 's estimates, only the ite m s in the 
column h eaded "this esti mate" n eed be copi ed. Form No. 
308 shall be made out by the r esid ent engineer for a ll esti
ma tes, sala ries for e ngi neering and supervi s ion , day la bor 
work a nd miscell a neous bill s, except fo r ;terns of pe r sona l ex
pense record ed in dai ly ex pe nse books. Expen se books shall 
be sent to the Hi ghway Commission, wh er e th ey will be cop
ied on Form No. 308 a nd r eturn ed to the r esident engin ee r 
[or the necessar y a pproval. 

Vouchers s ha ll be s worn to by the original cla imant s ig n
in g hi s or he r na me in ink, and shall be approved by the r es i
dent engineer , the Board of Supervisors (except that vouch
ers drawn in connection w ith projects bein g paid fo r wholly 
from the Development fund need not be approved by the 
Board of Supervisor s), the district engin eer and the n for
wa rd ed to th e Iowa State Hi ghway Commission fo r final audit. 

Wh ere it is more economi cal to do certain classes of work 
by local clay la bor rather than by contract the r esid e nt e ngi n
eer shall prepare a separate vou cher on Form No. 308 for 
each incliviclu a l statin g specifi c e mploym ent, i. e . ( la borer , 
foreman, man wi th team, etc.) s how in g exact el ates a nd hours 
each clay_ 

Preparation of Vouchers, Estimates and Force Account 
Statements 

Th e r es id e n t e ng in eer s ha ll prepare a ll vou cher s, es tim ates 
a nd force account statements, exce pting vou chers co verin g 
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per sonal ex pense account, and sha ll be r espon sible [or t he 
correctness and m athemati ca l accuracy of sam e. 

Approval by District Engineers 

Th e si gned approval of th e Di strict Engineer shall signify 
that t he w ork perform ed i s acceptab l e, t hat t he quantities are 
cor rect, and that t h e r ates fo r extras and force accoun ~ work 
ar e fair and ju st, LJut t h e distri ct engin ee r will not be held 
accoun tabl e [or t h e m ath em atical accuracy of vouchers, esti 
m ates, and force accoun t statem ents. 

E ach vou ch er coverin g a monthl y estim ate shall b e aecom
pani ed by said estimate and an y force accoun t statem ents r e
l a tin g to same. 

Payment 

By the State: Vouch er s payable [ro m t he Primary Road 
fund or P rim ar y Road D eve l opm en t fund , wh en approved by 
th e I ow a State Highway Commiss ion, sha ll be fil ed with th e 
Auditor of Sta t e, who will i ssue w arrants on th e Treasurer of 
State in payn~ en t:J of sam e. Said warrants will be forwarcl ecl 
to t he I ow a State Highway Commi ssion for r ecord and th en 
distributed to th e claiman ts. 

By t h e County : Wh en approved by t he I owa State Hig l1 -
w ay Commi ssion vouch er s payable from t h e proceeds of spe
cia l assessm ents, bond i ssues or anticipation certifi cates. shall 
be fil ed by the Iowa State Hi ghway Commi ss ion with t he 
County Auditor, who will i ssue warrants on th e County Treas· 
urer in paym ent of sam e. Su ch warrants will be deliver ed by 
t h e County Auditor to t h e cl aim ants. 

COPIES OF VOUCHER 

Estimate and Force Account Statement 

·when t h e vou cher (Form No. 30 8) , the es timate (Form No. 
314) and t h e force account statem en ts (Forms No. 315 amt 
No. 316 ) have been approved by t h e I owa State Highway Com 
miss ion, copies or ·am e sha ll be prepared in t h e offi ce of t he 
Commi ssion and exact copies of t he original shall be fur
ni sh ed as follows: 

Vou ch er (Form No. 308) 
1. County Aud i tor 
2. Iowa State Highway Commi ssion. 
3. Distri c t Engineer 
4. R esident Engin ee r 
5. Cl aiman t. 

Estimate (Form No. 31'1) and Force A ccount Statem ents 
(Forms No. 315 and 316) 

1. County Auditor 
2. Distri ct Engineer 
3. R esid en t Engineer 
4. Contracto r 
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Funds 

The law provides that the cost of improving the Primary 
Road system shall be paid from th e fo llow ing nam ed funcl s: 

(a) Primary Roacl Funcl 
(bl Special A ssessm en t Fund 
(c) Bonds or proceeds of same 
( cl ) Road Certificates i ssu ed in anticipation of allot

m en ts to "the Primary Road fu nd or pr oceeds or 
sam e 

(e) P rim ary Road D evel opment fu nd 
Cl aims fo r grad ing, cl ra ining, g rav eling, ancl [or ei gh ty-sevrn 

ancl one-hair (87½) per cen t of t h e cost of h arcl surfacing m ay 
be paid from t h e Primary Roacl f und by t h e State if t he 
county's allotm en t of the Primary Road fund i s suffi cien t to 
cov er sam e. H th e co un ty's a llotment of th e Primary Roacl 
fund i s n ot suffi ci ent t o pay any cl aim s for th e above n amed 
classes of improvem ent, said cla im s m ay be paid b~, t il e 
county through t h e i ssuan ce of r oad certifi cates in anti cipa
tion of th e cou n l:,!f's allotmen t from the Primary Road fun cl 
for th e en suing year or through t h e i ssuan ce of bond s i f t he 
county has voted a bond i ssue for t h e purpose. 

Claims f or twelve and on e-hal f ( 12½) per cen t of t h e cos t 
of b ard surfac ing shall be paid by t h e coun ty from spec ial 
assessm ents or t hrough t he i ssuan ce or speci al assessm ent 
cer ti fi cates in an t i cipation of the collection of su ch assess
m ents. 

The Primary Road D evel opm ent fund w ill be expend ed in 
paying t h e costs of constrn ct i on of cer tain projects as may 
be determin ed by t he Highway Commission. 

Cost of Engineering 

The cos t of all eng ineerin g super vis i on , in cluding sal ari es, 
mi leage, m eal s, supplies, ancl a ll miscellan eou s item s of ex
pen se in c iden t to t he eng in eerin g supervi sion on F ed eral Aid 
and Primary projects shall be billed on F orm No. 308 and 
shall be approved and paid in th e sam e manner as oth er 
claim s. 

Personal Expense Accounts 
All t he instru cti ons set forth in Part Three of Fisca l R egu

l ations sh all appl y to per son al expense accounts incurred in 
connection with con struction work except that the m amrnr 
of audi t and pay m ent of vouchers shall be as set for t h under 
Part Four of Fi scal R egulation s. 

PRIMARY BRIDGE CONSTRUCTION 

General 

Th e sam e rules wi ll apply to pay m ents of bridge con stru e
t ion as set forth under pay m ents on Primar y R oad Constrn c
t i on with th e fo llowing changes : 

The B ridge Project Number sh all b e con sidered th e unit 
in preparin g vouch er s, estim ates, et c. 
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Forms Used 

The [ollowing na m etl Corms s ha ll be used: 
No. 308-B, Voucher or bill. 
No. 314-B, E stimate s heet. 
No. 315-B, Force account statement, materia l, etc. 
No. 316-B, Force account s tate m ent, payroll. 
No. 317, Da il y mate ria l report, force account work. 
No. 318, Da il!,' time re por t , for ce account work . 

Preparat io n of Estimate Form 314-B 

The monthl y estimate s are to be prepared on Form No. 
:ll4-B. All data r equired by this form shall be a dded thereto . 
The cla ta r equirecl by th e various columns is as follow s : 

"Item No. " Th e numb er s enter ed in thi s column should be 
the same as those shown in th e proposal form , for the culvert 
or bridge li s tecl. 

"Description." Show the exact size ancl kind o[ cu lvert or 
briclge, i. e ., (2x2x35 Concrete Box Culver t) . 

Extra worl't sooll be shown directly und e r the r espective 
culvert or bridge on whi ch su ch work was clon e or m a te ri a l 
furni shed . 

"R a tes." I.:.ist th e agreed unit pri ce. 
"Sum of previou s estimates." Show " Material and Con

s tru ction" or "Comple ted" and amounts wh ich have been al
lowed for each individual it em. 

" Thi s estimate ." Show "Material and Const.ruction" or 
"Comple t ed" and amo unt of each ite m in clud ed in t his esti
mate. 

"Totals to Date ." In this column show th e sum of the 
"previous es timates" plus "th is estimate." 

Claims for Material or Labor 

Anyon e who pe rforms labor or [urni s hes materi a l, service 
or transportation in the construction of a bridge or road im
provement, may fil e with th e co unty auditor an ite mizecl 
sworn statement o[ his claim (Section 1030 5, Cocle 1924). 
Such claim m ay be fil ed a ny tim e previou s to the ex piration 
of 30 days following the comple tion of th e work. 

Certificate of Completion 

It is th e duty o[ the r esid e n t eng in eer to prepare a nd pre
sent to the boa rd for signature certificates of completion on 
Form 43 5 immediately following th e co mpletion a nd accep
tan ce of the work . This certifi cate determin es th e tlate from 
which the 30-day period for filing of claims begin s to run. It 
is very essentia l that th e exact and trn e date of completion 
be cl e t ermin ed and certifi ed to by Board a nd Commission. 

Fina l Estimate 

The statute provides that paym ents shall be mad e on the 
basis of monthly est imates of la bor performed and materia l 
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deli vered; payment to he made ror not more tha n 90 percent 
of said estimates and at least ten per cen t of t he contract 
pr ice s ha ll remain unpa id at t he elate or th e com pletio n of 
the con tract. T he retain ed pe rcen tage s ha ll be h eld fo r a 
peri od of 30 clays a fter com pletion of t he imprnveme nt a ncl 
it' no cla ims a r e fi led wi th in t he 30-clay peri od, t h e fi na l est i
mate is cl ue a nd payabl e. In case cla ims are fi led t he r e
ta in ed per cen tage or a por tion thereof, in a su m not less 
tha n doub le the \otal amo un t of cla ims, wi ll be h eld un ti l 
t he claiin s a re disposed o[ or will be paid ou t in accord wi th 
ord e r of cour t . 

The s ub-fin a l estim a t e mu st sh ow total quanti t ies a nd tota l 
a moun ts clu e the con t r actor . The fin a l esti mate will repeat 
and sh ow fin a l qua n tities, bu t w ill call fo r t he paym e n t of the 
r etain ed per centage only. 

The filin g of cla im s does not operate to withh old con trac
tor 's fund s other t ha n r eta in ed percen tage . 

R esid e n t eng ineer s sha ll pr epar e sub-fin a l a nd fin a l est i
mates promp tl y fo llowin g the determinat ion of th e el ate of 
completion a nd "'acceptance of th e work a nd these estimates 
sh ould be promp tl y approved by t he board a nd d istri ct e ngin 
eer a nd sen t in to the ma in office of th e H ighway Com m ission 
r egardless of whether cla ims have been fil ed or n ot. 

Fina l estimate will not be approved fo r paym en t by the 
Commission unt il the expira ti on of the 30 clay pe ri od nor un
til it has bee n determin ed t hat same is du e a nd payabl e 1111 -

ller th e prnvis ions of th e Code. 
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