
.r~ 

S!llUC!UBAL DB!IG. or AI arJtIOI BlJILDI.lCJ 

Ocap1'l81Dg t_ atrae"ral pl •• t 'etail., aDd 

spe 01 :tl oa tl... :to r the OOD8 tra.o'l OIl of • 1'8 SIlto rc eel 

"OIlore 'e "flto. ln11141Da. 

h ••• w4 to the faoultr of tl1e Iraeluat_ .*.,1 
• 1 

Geo ZiP Soao.l' (If 'eolmelo., 

III JBrtial fa.lftll •• " of tJa.. requl:r: ... ta tor th_ 

DJI(JlUII OJ' )U.S.R or SOI.O. 

II 

CI1I!; • GIIBlIRD8-

K8.7 18. 11.' 

. ) 
:..J ,) , ., ',' 

I" I.. • J .01 

'.~ "I " .,) 
".J. "j , .• 

i ~ ", '.1 
... ), , r 

;;" >" ,! ." • < ~ , 
~ .. ) " ) 

:.JI , .. :. 
11--- ) 

~ 



.... 

Atlanta. Georgia 

11&7 15. 1934 

'&ppztoTed: 

(Co .. lt~e. on Advanced Degre •• ) 



ACDo&BDGDI!S 

It 1s .i>th gati"uc1e that I aolm_ledge the 

aS81stuoe of the fo11_mg •• Il: 

lIr. Larry DeGiT8 thlOugh whom I met IIr. Fiue. 

Mr. Robert S. Fiske, Ooasul.ting Engineer, of 

AtlaBta, fro. whoa I obtai •• d the arohiteotural an4 

stn.otural plans for the Bank 8Ild Offioe Building, 

tlle lealga. tor whlcab. GO.Poe. thi8 theai •• 

Mr. A. C. Gag., Gea.ral Sa188 Manager of the otis 

Bleyatar Company, of Atlan tat who fttrnished apeol

fiGationa aDd installation plans tor elevators. 

Mr. H. R. Robert., r1ald lmglneel' of the Portland 

OemeDt .Association. whe gaTe me informatlon and 

literature pertaining to o8m8D~ ani conorete. 

Mr. C. B. KoG8ah •• , !fl'USoon st •• l CompallY, froll 

whom I obtained Deslgn Chart # 19. 

Jlr. J ••• 8mi th t Chief Cheats't of the F. l. 

Oooledge aDd SODa Oompany, who outlined the 

specifioations for pa1D~. 

IIr. P. W. ston., Bethlehem Steel Comp_y, who 

famished his oompan7' 8 Catalog 8-00. 

Mr. R. W. Johnson, Seoretary .t the 004e 

Anthor! V of Reinforoing Materials J'abrloat1Dg 

ii1 



Inclust17 , of Ohioago. throU8h whoae oOl're.pondeJloe 

I obtataed information pertaining to ralnforoing 

ba1'8. 

ProfeBsor F. C. Snow, who made it poa8ible for 

me to wo rk for rq degree, for his lnstr'tm tio.. and 

advioe, and at all time. trien417 enoouag ••• ' •• 

1.,. 



BIBLIOQlU.PBY 

referaces: 

~l.k., a. 8., 8t~etara1 d8algaa aui details 

drawn in the offloe of .r. Fisk., 1926. 

Hool, G. A., Relatoroed Concrete CODatraotlon, 

McGraw-Hill Book Comp.." Bew York, 192'. To1. I. 

Rool, G. A.., and Johnson, I. C., ~HaJ1~d __ b_o ... ok-.!! 

Building Construotion, IcGraw-Hl1l Book CompaD7, 

Be. York, 1929, Vol. I • II. 

Hunt, R. H., Spolf1oatlons forth. ChattaDooga 

Savias" I"'k !.!! 'nt 1; compuq ~ .!!! Office 

Bulldlg, R. H. Hunt CODlPaDY, ChattaDo&ga, 'elDl. , 1916·. 

Sno. , 1'. C., almeographe' not •• w:ttl "taD for lUI. 

In 04arse. C. B. 111-6. 

Stancla" §tftotura1 Shapes. Bethleh_ Steel Compa~, 

Bethlehem, Pa., 1919, Oatalog 8-10. 

Specl:tlcatl0,ne and ins'tallatlon drawings, Oti. 

Elevator CompaD7, 198 •• 

Specifications, Concrete RelnforoiQg Steel 

Institute, Ohioago, 1982. 

Urquhart, L. C., and O'Rourke, C. E., ])eeiS! !! 
Steel Strucaiur8s, MoGraw-Hill Book COlBpa~, i •• 

York, 1930.· 

y 



Des1sg !!! Control !! OODcrete K1xtttre., 

Portland C.mant AS80oiatioD, 1938, Plfth Edition. 

!I!! BaildingCocle .!! ~ Oitl !! .ltlaJlta, GeorS •• 

B7rci Pr1Dtlns OODlp8D7, Atl uta , 1924. 

..,1 



BO!A!IOIS AID ABBREVIATIONS 

The notations 11884 are standard as deUned in 

the Joint Oommittee Speo1flaatlons, and alao inolude: 

\ = shear to be oarried by the concrete. 

'9'11 

VS = V - Ve = shear to be oarried by web reinforcement. 

# = pounds 

• :::: feet 

1t :. inches 

o = sq. = square 
~ ! 

. II It :: pounu pe r square inch 

c.o. ::: oenter to aan tar 

J. C. S. = Joint ColDDlittae Specifioationa 

Seo. :: SeotioB 

Par. = paragraph. 
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DISCUSSIOB 

III 'th1s 'es1 gil of a r.1nteroed conorete offi.e 

iul1c11ng, .1'th the struotural plans am .800mp8D.71ng 

speoifioation., DO attep. Will be a.el. to suppl,. 

1 

t .. neoe88ar.r information ani ~eolfloation. to bring 

thEt auilding to ooapletloD 1'8&4 for GOOllPaD07, 'but 

rata.:&- to oonoentrate on 'til. a't1'1lotlu'al phaa8 .t the 

.oDetraotion, ther.b7 gaiDing a more aetalled ... 

• omple"e 8t • .,. aal 881ut101l ef atn.etllml a •• 1gn. 

At til. Gutset, oo~41tlan8 .ere created 80 121at I 

JI1glS ill&giB8 Jl¥self • pnotlclDg .Dg1ne8~ "to wh •• 

aD arobi tect hu 00_ for tae struot1U'&l d.8.1ga 10Z' 

JUs a1l11diBg. to this end a oomp1e". set of arohl

teot'. plal18 •••• ..tained ths-GIlI'Ja. the oourte87 of 

Jlr. Fiak •• 

Arohiteo 1i., Cha"'''oop., !8DD., aBel ])al18., texae. 

Jlrom thia peiD_, th., 'ealp .egan, aDl aa 

pl'ob18118 an4 quest10JUI aros., thq w.ra .et and .... areel 

i7 Prefe.aor SaGlr. with1dl •• frequent .... 111tatl •• 8 

were aa4e. 

nafoll.-iDg '180\1.81cm 18 not int •• ed .e a 

iraat18e en tae reinfere.t IODor8te 8truotural '8aign, 

bu" as a resume of thoae proble. whlah seem wortq 

of Dote. 



t' . 

~lthough the Joint Committe. Speoificationa 

81Y. aoJUl'lts coeffi.lents for .r,a :fer •• ill oa1-

ol1lat1ngmomenta in oonUDuollB 'be .. , in gelleral 

p~aotloe the •• ooeffiol8D1a are not frequentlY 

appl1oable, iDasmuoh a8 their us. 1s limited to 

apaD. of equal length Aperi.pos." wi th a uniforla 

10a4 throughout. I laaY. '8..e4 the HaJ-q Oress .aillot 

of •••• B~ 41atri-'tia.n i8 a rig1d ~r... .truc~ur. 

in ..,. de8isa oa1.111atioD8. This .athol a4m1t. ot 

easy solution, aDi I prefer 1t to the .ama solutio. 

'by the .hr •• ao.ent th801'8. 111 th whioh I hat "'e80 •• 

•• quate" cl.r1ng rq oonneotio. Wi th a prao'lol:ag engi.· 

e.~i.r oftice 1n W .. hingtoa, D. o. 
Ia the oaleulatJ-oD of momeata in the ngll frame, 

there frequently aria •• a 40ubt as to tile aotual 

4i8trl'bution of str88ae8 into tke respeotlve ... bera. 

H_eyer, any method that nll I1Y8 ••••• ". 1arg8r 

than those tba twill aotual17 000111' i8 a perfectl), 
1 8atlsfaoto!7 ODe 'to .. e. ft. oaloulatlo .. will be 

OD tae side of ssf.t7. but, of _Ul's •• wlth01l.t re8pect 

.. eCOD.oal. eODs! derationa. 

In ... ~.t •• of a beam 81 •• , it "7 ,. Doted 

1. Sugg •• t., 87 Prof. Sna.. 



that by usiBg a rel.atl vell" 'e.p beam aa ooaparec1 to 

the Width, the ~ OaD be reducec1 80 that .. lJ8 ateel 

use' w1ll approxiaate ioth As aDd ~ a1mu.ltaneoua17, 

od thus .11B1ia te, 10 a grea' extent t the 1188 0.'1 

a large e%oess of 8tee1 aiGve that requlred to meet 

the As ne.4a alone. the lat'er unbalanoed oon41t1on 

is more freque.tlJ e ••• untere' i. praotLo8 due ~. 

arohl"8otural llmitatloD8 on the iepth 0'1 the D .... 

Another oOllsicl.:ratloD 18 tbe using of UJl1fol'lll 

ai •• 4 be ... a8 muOh a8 P0881'le, although _pOD olos. 

oa1oulatl0. saller 81z •• eo.14 be .ate17 11.884. 

fhie unifeJ:'JD1V a4m1ta 81 greate,. ease of fon 

bllildiDg OB the ~ob', and recluo ••• ot oDl7 the 808t 

bllt alae tae time of oonstructl ••• 

Whaa stirrups •• re nee led, I generally u884 
I 

aJlol&17 anohOrae8 to earl7 "f' = O.OS 'Ie , and thea 

,emit tile stirnps to .arry the remainder of the 

shear. !his re4uoes the Dumber am slB. of stirrups 

with oDl7 a small lnorease in the Bize of the longl

tud1mal ste.l. In n. oa88 d1d I o~t Terti.al etirrup. 

lty a88'Qa1J\g or oaloulatlng that the bent-up longi

tu41Jal re1Dforo1Dg oarri. d cU.agoul tensi OD. III the 

p. t house roof framing, beama lIBY8 be •• aeA of 

suffioient 8is.8 te g1 'Ve the 1Il11 t shear a Talue 1e.8 

I 
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, 
than 0.03 f, t allt1. thll8 a11mna te en ti re 17 the us e 

of stirrups. 

profess, Snow _s suggested tha t • azlBl1lDl 

o'l uni t sh.ea~ ..,. 11m1 tea. to T = 0 .06 f~. In the 

Joint ComDdtte8 Speoificati8Ds a masimnm of 0.18 t~ 

is permi tte4 with the oomb1aatioD of speoial 8Jl

ohorase aDl web reinfo reem.lIt • The ohange has been 

adTanoed on tAe belief 1iaat 0.12 f~ 18 .. e:l:ces81Te 

allowable .erking stress for the oonorete. Anothe~ 

reason 18 that the J.e.8. require a I~ reduction III 

st1rrup .paotag for this higher stress, resulttDs 

in too great a number of stirrups. 

ProfeBsor Sn •• MS als. inclioated that in 1181Dg 

pllea in fOl1I1dationa, all the forDRllae eTer clevisea. 

w1ll be UD8atisfaotar.r unless uae •• formulae haTe been 

mada or calibrated for the partioular 100a11t7 under 

oonslderatlon. !he only aatisfaotor,y method of 

'eterminiDg the oapaclt7 of a pile is te driYe on. 

until a penetration not exoe.ting 1/,8 is obtatDed 

UDder a stroke of the pile-driver. !hiB teat pl1e 

ia then load.ed until slight settlement ocours. The 

load causiDg this settlement 18 the ult1Jate p1le 

'eariag. and 1& dirtIed-by a factor of .sfet,. of I 

or , tor tb. aotual working load. 

Tbe or1g1nal 4esign of t_ building ea1led tor 

, 



oaissons I' -0" ill diameter to be SD.Dlt to roGi: beneath 

.aah oolUJlll. However, for the aake of deSign, I have 

assumed f1rm olay 8 oil beneath 'the 'building, and 1aa ve 

ued 3.5 wDs/aq.ft. a8 tlMa baa.iDg value of the s011. 

I haTe a180 used the OGDor ••• , oast-in-place, t7)e 

of piling with a safe working value ot la.5 'ona/pile. 

Standard .,eo1float1oD8 have not been quoted 

ve rb.tum , but referenoe to them has beeD made. 

As a general rule, mtst that is not 1. the tom 

of loose scale increas8s the bODd straagth of a bar. 

AD7 surfaoe eostillg Oll a bar tlIa t 18 1008e or tM t 

woul4 8e8m 1ike17 to slip oft, such a8 aUd, grease 

or 1008. ~t soale, deoreas8. the bond strength. 

Bxoept for a tn. of rust, or mill Boale, whioh is Dot 

" ob3eotlonab1., it i8 best to have the bars olean. 

2. JOhnSOD, B. W •• Oorrea,eDlenoe 1n answer to 
inquirl •• concerning faotors affeoting bOlld strength. 



SAIJiB OALOULA!lOIS 
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~ OALOULl!IOIS 

!he tollow1Dg sample oUoulatlons are inol uded t. 

illustrate ~ method of dee1gn. 

In tile tile floor ".sign .... architeot require" 

the slab ~o be a an tile with a an top coyering (A). 

Jllgure 1 *_8 all 1he figure. _ed in the 4e81gB of 
3 

48-1. !he dead loacls .ere a.8ua.' , aDd. a l1Ye 10a4 

of '151/a • W.8 _a4
4 
(B). JIbe' a shear "est oal

crulat10D wa. aale after as&lllDl1q a' ttle spacing of 

16"0,0. (0). beoause th1a requireme.t usua1l7 governs 

the 4881811. OYer tlt.e .. pport the 8hear i8 oarried 
I S 

__ ille at_ bet •• en the ttle of b = 5" CD). Using 

• 1" fireproofmg at the top. the effeot1 V8 depth 

was fo und to be .. = ''' • !he formula. 118ed for shear 

• era T = t·. -L, and .,. = v (B) • SpeCial 
b l I 

6 
8I1ohorage am DO •• , :r.lnforolJlg .. " 'be ... e4. 

f)ae mo .. n t w.. felDlcl by the fo 1'ID.U.la .:; ( l/18)-w -L! 

3. The marking of Ule yari0118 8tructural maabere 
o. a floor furniShe. a meaD8 .f read7 14antlfioatian 1n 
tile field. In the floor Blat. arking. the fire" figure. 
r.presellt the floor to which the slab belon,s, the "s" 
4.DO~.8 -.lab". aDd the last figure. repr.8.D~ the 8lab'. 
own nuilter e. 1i1lat floor. !b.ua. '8-1 signifies the 
tir." slab 011 the fovth floor. 

,. Atlanta Bulli1*. eo ... , 8eo. 19, p.82. 
I. J. O. 8., leo. 18 •• 
6. 8.8 toe~ •• t. la, p.ll. 

6 



Tbe figure. are aho .. at (J')~ The arrangement at (Q) 

of all tba value. n •• 'ed for the design was suggeste4 

b7 protessor Snow. 

ill routiBe design. 

It 1ta8 proved to 'be a time saver 

The As was fOG' b'" 0.76 • 8 
tI .-. = 

0.76· 4.86 , 
b,. Table I 6. 

= 
0.18 a., aDcl the .&0 ... 4etend.a' 

!lIe total sbear •• r tile rCJII 18 It..tribute' at 

the support over a 16~ wllth. and therefore the 10a4 

per foo~ of girder will be 1.TS.-fI- = 1.3 kip./ft., 

the figure. be mg shewn at (11). J)b.ti!Jg the design 

of the girder refere.o. ~o (B) slve. at once the 

UDifo~ load per foot. 

,:be amount of ate81 to be carried through ill. 

bottom into 'till. supports 18 '/12 the area of the 
<t 

p081tlve retDforo .. ent. Referring to table # 20. 
10 

whioh is '6spla7ea before .e. I s81eot a B-bar 

of '/8" + aa1. an .1-llal',oof 1/8" +. ,he arrangement 

... (J) gives in an eas117 aoo •• aible form a.e 

7. Sea S,.o1floatiaa. Sec. 10', p.15. 
8 • ... ".nTat1011 p.2l. 
9. J. C. S.t Sec. 1.0 (a). 

10. !he ataniarl bar notation as giT .. here is: 
A-bar, a straight 'bar through the 'botto. ot 

the beam. 
B-bar, a bar bent-up io beoome negailT. WiD

toroemen'li aver the aUPiort • 
. C-bar. a s1;ra glD 'bar placed in the top. 

, 
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required steel to be used when drawing the struc

tural plans. 
u. 

As an example of continpus beam design I am 
11 

USing my oomputations of B405-6-7, shown in Figure 2. 

The line drawing at CA) gives a conoise form in whioh 

to balanoe moments by the Hardy Cross method. I 

wri te the beam number and clear span length above 

each span, and use lower oase letters to designate 

those points at which oaloulations of moments and 

shears must be made. I did not use three-way dis-

tribution of moments into oolumns as well as into 

beams. Assuming the stiffnes faotor of the center 

span to be k = 1, the stiffness factor for eaoh 

other memDar is then found from the relation 

E I 
k (manber under L (member under oonsideration) 

o onsideration) :: ~E~I---"""""""''''''''''----'''''''''''----'''''''''''''''''''-''''''''~ 
L (member for which k= 1) 

Assuming that the beams will be made the same size 

throughout the three spans, the!! term canoela out 

of the equation, and the computations appear at (B). 

11. In oontinuation of :Footnote # 3, p. 6, the 
beams are identified by the notation B405. The "B" 
signifies "beam". The :first digit gives the floor 
number and the other two digits the respeotive number 
of the beam. A modification of this appears in the 
marking of the roof and pent house roof beams. These 
beams are designated by RB5 and PRB5, respectively. 

• 

8 
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The fixed end moments for the three spans have 

been determined at CD) by'i. K = (1/12)· w ·Lz
• The 

uniform load includes the weight of the beam as well 

as the floor reactions and other superimposed loads. 

These moments are written in fA) with a positive 

sign at the left end of the span and a negative sign 
.3 

at the right end. 

Since the moments to be balan.ced will be pro

rated to the members in proportion to their res

pective stiffness factors. the member for which k = 1 

will get the reciprooal of the sum of the factors 

times the balanoing moment. Thus at od, B406 will 

reoeive 1/2.5 = 0.4 of the balancing moment (0). 

A moment of ... 103.0 - 47.1 = + 55.9 is to be balanced. 

Th9 constant factor from (e) of 0 •• is now used to 

give the moment going to ...!.-' so that B406 rece.ives 

0.4 . 55.9 = 22.4 kip-ft. The remainder) 56.9 - 22.4 =. 

33.5 kip-ft., goes to -!-' and is most satisfac-

torily found by subtraction. In orde~ to make all 

12. This equation Should not be oonfused with 
that given in S8ct1on~lof the Specifications, p.15. 
The above equation gives the fixed end moments for a 
beam carrying:uniformly distributed load for use as 
the initial moment to be balanoed by the Hardy CrosB 
method. See p. vii for the fixed end moment equation 
for a concentrated load. 

13. Har~ Cross notation. 

9 



the moments around ~ in this braoket balance, the 
. ) 

moments just determined must each carry a negative 

sign. 

After completing balances and oarr.y-overs in 
14 

three bracke ts, the shears are found by 

v = t-W·L + L - )I .. , 
L 

in which the second term on the right oorrects for 

unequal moments at the two ends of the span. It must 

be car.ful~ noted that thl sign of the moment at 

the left end of the span is positive as determined 

by Hardy Cross, but 1s in reality negative as w111 

be sean if the moment diagram is drawn. The cor

rection factor in the above equation has the proper 
lor 

signs onlyjdirect use of the moments from (A). 

lext, the mom.nots are found at the center line 

of each span by means of the general moment equation 

11 = -JI + 1: . x - w·x2 p.y • x A A 2 -

In this general equation the sign of the first term 

on the right i8 for u.se wi th the momenta as taken 

direct17 from the Hardy CrosB solution at (A). 

The nlues from (E) and (F) are tabillmted at (G). 

Referring to Table # 3 we find that for our beam the 

14. Three balances and successive oarry-overs 
gives resulting moments suffioientlY aocurate for 
our design purposes. 

10 



IS shears are in region Y, requiring web reinforoe-

ment, oalculations for whioh are given at (X). At 

/ 
,~ 

V = 60 # D" the beam oarries 15.0 kips, and at ..L 
the web reinforoement must oarry Vs = V - Tc '1 = 

29.8 - 15.0 = 14.8 kips. The distanoe beyond which 

no web reinforcement is neoessary in a uniformly 
III 

loaded beam is expressed by ]tit:: 6· L . (Vs IV). 

Therefore stirrups are needed for ]t" = 6· 21.0 . 14.8 ' = 
29.8 

63". From Table # 10 it is found that a t"+ u 

stirrup spaced 10· c.o. will be satisfactory, so that 

b7 placing the first stirrup in the plane of the 

face of the support 7 are needed. In choosing 
.f 

longitudinal reinforoing the B-bars w111 be lapped 
.f 

between beams, but C-bars must nevertheless be used 

to meet the £0 requirements. 

15. See Footnote 28
L 

p. 23. 
16. Refer to Table, 5. 
17. See p. vii. 
18. See p. vii. 
19. 8e8 .ootnote 10, p. 7. 

11 



SPlCIFlCATIOJiS 



SPEXlDICATIOBS 

The design am construotion of the Office 

Building shall be oarried out in aooordance with 

the Standard Specifioations for Concrete and 

Reinforoed Concrete as approved b7 the Joint Com· 

mittee, Augus~ 1924, except for ohanges as noted. 

Section 10. Fine aggregate shall be of such 

qualit7 that mortar briquettes, cplinders, or prisms, 

oonsisting of ODe part by weight of Portland oement 

and three parts by weight of fine aggregate, mixed 

and tested in accordanoe with the methods desoribed 

in the "Standard Specifications and Tests for Port

land Cement" (Serial Designation: C9-2l) of the 

American Sooiety for Testing Materials, will show a 

tensile or compressive strength at ages of 7 and 28 

days not less than 100 per cent of that of 1:3 stand

ard ottawa sand mortar of the same plastlo1t,y made 

with the same cement. 

Section 14. Coarse aggregate shall range In 

slze from fine to coarse within the following limits, 

the percentages to be by weight: 

Passing S/4" sieve 

" 10. 4 D 

• 10. 8 " 

not les8 than 96~ 

not more than l~ 

not more than i~ 

Section 21. The metal reinforcements shall 

12 



&.0 meet the following requirements: 

Relnforoi~ steel Shall be domestio deformed 

bars of intermediate grade oomplying with the 

American Soclet7 for Testing Materials speoifioation 

Al6-S0 rolled from identified heats of new billets 

manufactured by the open-hearth process. No re

rolled material w1ll be aooepted. Bars shall bear 

mill identification symbols whereby they can be 

traoed to the mill of origin. The reinforoing bar 

8ub~oontraotor shall execute an affidavit in proper 

form certifying '0 the above faots, stating 

speeifioallJ the mill whioh manufactured the billets 

and their numbers and shall aocompany suoh certi

ficate with authenticated oopies of the regular mill 

test reports. 

Section 24. struotural steel shapes ahall oon

form to the requirements of the "Standard Specifi

cations for struotural steel for Buildings" (Serial 

Designation: A9-24) of the American Sooiety for 

Testing Materials. 

Section 28. The aggregates shall be measured 

separately by volume. Proper allowanoes in the mea

surement of the fine aggregate shall be made to 

20. Reoommended speoifioation, Concrete Rein
forcing Steel Institute, Chioago, 1933. 
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correct for bulking. It shall be the duty of the 

Engineer to daily check measurements of the fine 

aggregate. and to require the necessary ohanges to 

secure the specified proportions in eaoh batch. 

Section 29. Concrete Shall be mixed in the 

following proportions by volume: l~ 
~ 

~ ~ ~l I 

t ~ ~ ~ t-V) ~ 

" -. " tt t'\ u "-~ 
Part of Structure ! .t ~ ~ ~ 

J~~ \i:~ ~~ U ~ ~ 

Beams, girders, slabs 
Columns .Vove 5th floor 1 2 4 2000 
Footings 

Columns below 5th floor 1 1t 3 3000 
Sidewallt slabs 

The surfaoe moisture in the aggregate must be 

included 8S part of the mixing water. 

Section SO. The quantity of water used shall 

be the minimum necessary to produce conorete of a 

workabili ty required by the Engineer, but shall in no 

oase exceed a water-oement ratiO of 7 U.S. gallons 

per sack of oement for 1:2:4 concrete, ani 6 U. S. 

gallons per saok of oement of 1:11:3 concrete. The 

maximum slump shall be 6". 
%1 

Section 60. Metal reinforoement, before being 

21. See Par. 3, p. 5. 
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plaoed, shall be thoroughly oleaned of mud, grease 

or loose scale that will destro7 or reduce the bond. 

See1Yion 63. The minimum spacing for parallel 

bars shall be 3 diameters center to center. The 

maximum number of bars that may be placed in a gi .,.en 

width shall be determined by the formula 

1I1nlmUJn b == 3 (.I - l) D + D + 3. 

The diameter shall be considered as the nominal 8il8 

of the bar for both round and square bars. 

Seotion 78. Integral oompounds Shall not be 

used ~or water-proofing, exoept that slaoked lime 

mB7 be used in a proportion Dot to exceed l~ 07 

weight of oement. 
&2 

Seotion 107. Beams and slabe built to aot 

integrallY with beams, girders, or other restraining 

supports. and beams and slabs continuous for two 

or more equal spans, oarrying uniformly distri buted 

loads, shall be designed for a max~ positive 

moment at the canter of the span and a negati.,.e moment 

over the support. as determined by the equation 

]I 
== 

z. w-I. 
12 

&1 
Section 127. Special anchorage of longitu-

dinal reinforoement Shall be provided by hooks of 

22. The Designers' Method. 
23. Praotioe of the Trusoon Steel Company. 
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4" for all bars up to and including '1/8" +, and 6" 

for bars 1" + and over. All beads to be right 

angle bends. 
IA 

Section 128. The unit shearing stress as com-

puted by the formula 
v 

T = b· 3 -4 
, 

shall not exceed 0.06 fc , but the concrete may be 

assumed to carry 0 .08 f~ when the long! tu41nal rein

forcement is anchored in aocordanoe with Seotion 127, 

aId. web reinforoemen t may oarry the remaining 0 .03 f~. 

The following general specifioations shall also 

be oamplled with: 

Dimensions Shall be taken from figured dimensions 

and shall in no oase be scaled. Where there 1s any 

discrepanoy, the Engineer shall call the attention of 

the ArChitect to the same. He shall make the neoessary 

corrections with the approval of the Arohitect. 

The struotural steel shall, in general, oomprise 

the two large girders over the banking floor, steel for 

framing around skylights, all oontinuous lintels at 

each floor, I-beams to support the two water tanks 

in the pent house, ohannel- and I-beams supporting the 

elevator maohinery, angles for supports at each 

24. See Par. 1, p. 4. 
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floor for the chimney carried up on the exterior of 

the building, and all misoellaneous steel as shown 

on the plans. All structural steel shall be given 

one coat of sublimed blue lead paint, as manufactured 

by the F. J. Cooledge and Sons Company, before 

erection. 

Complete teata shall be made OD the sand, 

aggregates, and oement in quantities of not more than 

carload lota. Reports of all tests shall be filed 

with the Engineer. 

The floor slste. shall oonsist of 3-oell 12" x 12" 

terra cotta tile of thickness an4 spacing as shown 

on the struotural drawings. Tile must be all hard 

burned and free from i.perfeotions that will impair 

its strength. All soft or broken tile must be rejected. 

Tile shall be laid true to line and all ends must 

butt. The ends of all tile rows are to be plugged to 

prevent conorete from flowing into them. The tile 

ahall be thoroughly- wet down before plaoing of the 
zS 

Gonorete. 

Bo load or weight shall be plaoed en an, pertlon 

of the oonstruotion until the concrete has ful17 set 

and oenters have beeD removed. 

25. Hunt, R. H., Specifications, p. 21. 
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The first stirrup shall be plaoed in the plane 

of the face of the support. 

Forms for concrete members Shall be substantial 

and unyielding, plumb and true, and shall be made as 

near17 watertight as possible. The minimum time for 

removing forms Shall be: 4 days for columns and aide. 

of beams; 10 days for floor slabs; and 21 days under 
Z& 

beams and girders. The Engineer shall have the 

authority to inorease the above specified times. 

The building shall be equipped wi th four 

g.arlees traotion self~lev.ling passenger elevators 

having unit multi~volt signal oontrol, as manu-
27 

factured by the otis Elevator Oompany. The elevators 

shall travel from the basement to the tenth floor, 

a distance of 115'-8". eaoh elevator serving ll-stops 

8l'ld ll-openings. 

Each elevator shall travel at a speed of 700 

feet per minute, with a maximum load of 2500 pounds 

in addition to the weight of the oar. the sise of 

eaoh oar ahall be approximately 6'-0" x 6 1 ·6R • 

Steel tee-guides for oar and oounterweights shall 

be seourelJ fastened to I-beams at eaoh floor level. 

26. Hunt, R. H., Specifioations, p. 18-9. 
2'. Speoifioations, Otis Elevator Company, This 

and the 3 following paragraphs are from the same 
reference. 
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The oonorete slabs shown to be placed over the 

hatchway shall not be poured except on the approval 

of the representative of the otis Elevator Oompany 

after the machinery has been hoisted to the pent house. 

Exposed steel work to be installed by the Otis 

Elevator Company Shall be coated with one coat of 

sublimed blue lead paint before erection, and one 

finish coat of the same base paint. 

19 



CHARTS AND TABLES 



DESIGN CHARTS AND TABLES 

The graphical solution of many of the design 

formulae furnishes a quiok and easy means of design 

with a minimum use of a s11de rule. In oertain 

oases, for example in oolumn design, the use of 

Tables # 11 and # 12 together aWmits of rapid deter

mination whether oompression exists over the entire 

seotion or tension over part of the section. 

Several tables reproduaed here from handbooks 

fUrBish their data In quiokly available form and 

avoids too many oumbersome books on one's desk during 

design. In this regard Table # 17 is an example. 

The advantage in its use lies solely in having it 

easily accesaible, otherwise by slide rule oompu

tation a double set of the rule could be made more 

easily than hunting for the table. Also, Table # 20 

should be posted in a conspiouous plaoe where it 1s 

read117 visible. 

Table # 1 gives a convenient means of approx-" 

lmatlng the moment value that can be used to 

arbitrarily ohoose a Blze of beam from Tables # 2 

ani #: 3. Unfortunately, the arcmitectural limitations 

usually preven~the proportioning of the size of a 

beam to those given in the latter two tables. 

Modifioations of Tables # 4 and # 5 are found 

20 



in various text books on design. I haTe found that 

there is almost as muoh slide rule computation and 

time involved in their use as in the iireet solution 

of the A3 _ ]I formula. However, a simple 
- fS- 3-d 

means for this solution is the use of a oonstant 

determined as follows: 

= 11-12-8 
18 - 7 - ct = 

in whioh -!- is expressed in kip-feet, and ~ in 

inohes. It will be noted that this oonstant is 

applicable only fer des1gning on the basis of 

f$ = 18,000 I/o w, although other constants may 

ie determined for an7 desired value of~. The 

use of this oonstant also permits ready IGoation of 

the deoimal pOint. 

During design, it is more convenient to have the 

tables used in sheet form, and spread them about on 

the desk rather than try to thumb through a large 

bound volume of tables, many of which would be of no 

service for the particular type of design being 

oarried through. 

The following discussions of the tables are 

designed to be of suffioient soope to render the 

tables usable aDi not to derive or prove them. 

21 



The tables were drawn on the basis of: 

f~ = 2,000 #/0 • 

fs = 18.000 #1 a " 

U = 100 II a " 

TABLE 1 

The determination of moments in inch-pounds i. 

facilltated by this table, when the beam oarries 

uniformly distributed loads. 

Assume a &50 II' uniform load on a 20' span, and 

the maaent ooefficient to use in design as (1/12)"w"La
• 

Enter the diagram with the argument of 20' span at 

the right, go horilontally to the curve marked !! t 

and descend vertically to the scale at the bottom, 

finding the value !QQ. Using this as a multiplier 

of our uniform load, we get 400· 450 = 180,000 "-I. 

TABLE 2 Be 3 

Continuing the same problem as in the fore

gOing, and using the value of 180,000 ~ as an argu

men"~-\o enter on the right hand. scale, go horizon

tally to the curve K = 138.7, and vertically belOW 

find the beaa size 7" x 14". The weight of the beam 

has not yet been taken into acoount, 80 118e the nert 

larger siled beam, whose weight is 131 II'. This load 

will give a moment of )f = 400 . 130 = 52,000 "I. 
which added to the moment of the superimposed load. 
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gives a total II = 232,000 "I. The moment soale at 

the right shows that a beam 71-" x 15 It will oarry a 

moment of 238,000 "I, so this beam meets the moment 

requirement. 

Jext a oheck for shear is me4 •• Thus, V = i·.·L. 

v = i· 580 . 20 ::: 6,800 I. Using the 80ale at the 

left, enter the diagram with 5.8 kips as an argument, 

aDd find that a hOrizontal from here will intersect 
%8 

the vertical from our beam size in Begion X. 

The value of ....!... is the effective depth, to 

whioh 2" must be added for fireproofing when listing 

the beam aise on the struotural plan. 

TABLES , & 5~' 

To find the steel area by means of these diagrams t 

cliTide the total external moment by the width of ille 

28. In order to distinguish the shear oonditions 
during design, I have used N, X, and Y to designate 
the three oonditions of unit shear respeotively: 

In Region B, T < 0.02 t~, and neither web rein
forcemen t nor special anchorage is necessary. 

In Region X, v > 0.02 f~ < 0.03 f~, requiring 
speCial anchoragewtthout web reinforcement. 

In Region Y, v > 0.03 f~< 0.06 f~, requiring web 
reinforcement but no SjeCial anChorage. 

Usl~ t~ = 2,000 /a", the above values become: 
0.02 f~ = 4D /D" 
o .03 f ~ = 60 I a " 
0.06 f~ :1201 D " 

These numerical values are recorded on curves on Tables 
# 2 and # 3. 

Befer to Par. 3, p. 3, and also to Par. 1, p. 4. 
29. Hool, G. A., Vol. It Diagram 7, p. 346. My 

tables are modifications of those given in the referenoe. 



beam. Thus, 232,000 = 30,900 "#/1" width. 
7.5 

Entering the diagram on the right-hand scale, inter

sect horizontally wi th the curve d = 15", and 

verti.ally bela. find As (for b = 1") = 0.131·~ 

Therefore the tota1.As for the beam is 7.6· 0.131 = 

0.98 a ". 

TABLES 6 " 7 

The bond requirements is detennined from these 
30 

two tables. Using Table # 7, a horizontal through 

V = 5.8 kips intersects a vertioal from d = 16" 

at 20 = 4.4" (approxlmately). 

Because of the straight-line Variation of the 

shear in the formula ~ _ V ,any value for 
.Go - u. 3· d 

the shear mq be easily found by dividing the total 

shear by a suitable integer, determining the oorres

ponding .£0 therefrom, and then multiplying the 

tabular value by the integer to obtain the total ~o • 

TABLE 8 

This diagram corresponds to Tables # 2 and I 3, 

30. Oare ~t be exercised in the use of these 
tables to,put all values into thousands of pounds or 
thousands of inch-pounds before entering the diagram. 
I found 1 t most convenient to wo rk with the figures 
with the deoimal point three places to the left of its 
exact position, the figures being muoh smaller and 
easier to handle. 
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and 1s used for flat slabs with a width b = 12". 

!ABIB 9 

This diagram corresponds to # 4 and I 6, except 

that in its use the moments are in terms of b = 12", 

BO that in order to enter the diagram no preliminar,y 
31 

division is necessar,y. 

TABLE 10'2 

The spaoing for vertioal stirrups is found b7 

these diagrams. For example, assume a oonoentrata4 

load of io.ooo # at the center line of our foregoing 

illustrative example. The shear 1s then V = 6.8 + 

(i · 10.0) = 10.8 kips. )'rom Table # 2 it is found that 
33 

when v = 60 I/o" t the beam will oarry Veo -= 6.0 kips. 

The amount of shear to be oarried by the stirrups is 

25 

,4 
Vs = V - Vcr ::: 10.8 - 6.0 = 4.8 kips. Usi ng the diagram 

for the t"+U stirrup. enter at the top with the 

effective depth of d = 15" as an argument, and drop 

down to an intersection with a horizontal from V = 4.8, 

obtaining a spaoing of s = 5". We might. however, 

31. With reasonable acoess to this table, it 

admits of solution as easy 1f not easier than by the 
method described in Par. 1, p. 21. . 

32. Snow, Prof. F. C., This table 1s a reproduo
tion of Diagram # 3 from the notes for C. E. 165-6, 
with the addition of the spacing diagram for the i"+u. 

33. See Pootnote 28, p. 23. 
34. See p. vii. 



enter the diagram for the 3/8" + U stirrup, and there 

find that at maximum spacing Vs :: 7.' kips. It 

probably would be preferable to use this size stirrup 

and thereby reduce the number of stirrups to be 

plaoed on the job. 

This ohart gives design data for ecoentrio 

oolumns in which there is oompression over the entire 

section, and is used in oonjunotion With Table I 12. 
36 

For illustration, assume a moment of 600,000 'I, 
and a load of 1,800,000 #. The eocentrioity 1s 

Xo :: -. ;p 600! 000' 12 
1,800,000 = 

.Assume b = 42"; t = 54"; f~ = 2500 1/ a w,' 
The necessary arguments with which to enter the diagram 

are next oalculated. 

fc. = 0.3 f~ = 0.3' 2500 = 750 1/ a " 

= 4 :; 5r 

750 42 54 l,sOO,ooo 
0.0'14 ; 

= 
and d' 2 

T = n- = 0.04. 

On the diagram marked clift = 0.05, which has a 

value nearest to ours, use the two arguments, of 0.94 

35. Snow, Prof. F. e., Reproduction of Diagram # 4. 
36. Example from class leoture notes. 
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at the side soale, and of 0.04 on the bottom soale, 

and the interseotion of lines from these two values 

gives a value of Cn -l)p = 0.38, from which p = 0.035. 

If the interseotion of a horizontal from a value 

of fc.·b·t 
if 

and a vertioal fr9m a value of x. 
T 

1s below the diagonal limits, the column is too small, 

and if above the limits, too large. In the latter 

oase the minimum steel of p = 0.005 BlUst be used. 

If1' the intersection is to the right of the limits, 

then there 1s tension over part of the seotion and 
31 Table # 12 is the one to use. 

Both Tables # 11 and I 12 oan be used for all 

values of .....!. 
38 

TABLE 12 

The use of this table is the same as that of 

the preoeeding one as explame' in the paragraph 

~ediatelY above. 

" !!BIB 13 

The discussion of the two diagrams of this table 

follows 0106817 that given for the use of Table # 11. 

The two diagrams may be used for all values of ...!L • 

37. Snow, Prof. F. C., Class notes on the use 
of this diagram. 

38. Ditto, A reproduction of Diagram # 5. 
39. Ditto, Reproductions of Diagrams I 6 and # " 

respectively. 
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40 
TABLE 14 

This table gives the sectional areas of 

reinforoing bars in groups of varying numbers, and 

the 8~.a per foot of slab at various spacings of bars. 

TABLE 15 

The first tabulation on this Table was compiled 

by the use of the formula min. b = 3(1 -l)D + D + 3. 

The Talues tab.lated are the maximum number of bars 

that oan be put into a beam of width given at the 

left. The overlined numbers indioate that that 

number of bars will fit into a beam in narrower than 

indioated at the left. 

The second tabulation is of perimeters of bars 
40 

in groups of varying numbers. 

The next to the lowest line represents the 

length in inches that a bar must extend beyond the 

point of maximum tension in order to develop suffi

cient bond action to make the bar effective. Compu-

tations were made from the formula 

The lowest line gives the weight of bars in 

pounds per foot. 

40. The oompilation of this table was facilitated 
by reference to a similar table in Prof. Snow's notes. 
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TABLE 16 41 

The values given are the volumes per linear 

foot of a beam whose width and depth are given in 

the scales at the top and left respectively. 

For oonorete weighing 160 Ilou.ft., to convert 

a tabular value into I/lln.ft. of beam, add one-half 

of a value to itself, an~ move the decimal point two 

places to the right. Jor example, for a beam 

12" x 18". the table gives the value of 1.50. Thus 

tlt.e weight is 1.50 + Ci· 1.60) = 225 I/lin.ft. 

The small table at the foot of Table I 16 gives 

similar values for one square foot of slab for a 

given thickness. 

UBLI 17 

The upper chart gives the decimals of a foot 

for inches and fractions of inches. 

The remainder of the table gives values for the 
4l 

square of the span, expressed in feet and inches. 

TABLB 18 

Moments of inertia expressed in inches to the 

fourth power for rectangles of given wi dths and 

depths are given in this table. 

41. Hool and Johnson, Vol. I, p.166. 
42. See Par. 2, p. 20. 
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43 
TABlE 19 

The lengths given here are for the bending of 

reinforoing bars. If the angle of bending is 30° 

then B (the hOrizontal pro~eotion of the diagonal 

bend) is given in the designated oolumn for values of 

H ( the vertioal pro~eotion). 

dimension S 1s then 2H. 

The diagonal 

And if the angle of bending is 45°, then 

B = H, and the proper diagonal values are given in 

the "8 n column for correspondIng H values. 

Lengths are also listed for the 30 diameters 

of bar for the various slBes of bars. 

TABLE 20 

This chart should be posted on the wall where 

it may be readily visible. 

43. Used by the Truscon Steel Company. 
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