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Install Blue Block Shielding, WBS 1.1.2.3.3.3.3.2, UID 73211
NuMI

Rails between target hall and access shaft

Andy Stefanik A . Sefamak.
e 32 -
Bob Woods S/ mz

target pile, target pile shielding, transporter, rails, track

An existing TSB transporter is used to carry Duratek green
shielding blocks, Duratek blue shielding blocks, and other
loads from the access shaft to the target hall. The transporter
runs on A.S.C.E. 40 1b rails in the TSB. The same type of rail
is installed between the access shaft and the target hall for the
transporter to run on. Structural installation details are checked
in this note.

For concrete bearing strength: Building Code Requirements for
Structural Concrete (ACI 318-02) and Commentary (ACI
318R-02).

For steel and weld allowable stresses: AISC Manual of Steel
Construction, Allowable Stress Design, 9™ Edition.
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ol /4 ,5,.,(3 E 4—0 b m,:/ 5 used. mw\asfbus are on f)"'”a"‘ 2,

will run. on ers /rm}var fer- |

an /4/0 /i endix A.

5. | Wheed, 7 "fa_m;,f,cfd /4 ” W dramh/, MC 3 0&73 s

The f'rMSf:mfcr rM//Mco{ comém
| Used successgull} qﬁor 2 decad

b&,com lme .

Rouyfr’u check ﬁf whee,l/ru/ /ww( w/aw?
| Fallsw prvv,f lure dn. F‘”?" 3. |
A= 1.878" Bz Lg1s-a (i )~/,;25" D=4

/.oad/ aL{&fnﬁw‘ﬁm« MM/MMW? w/)ce/ /M/{/
3 | blocks (Ip™Foms each) 1n a

ad 10 has bean)

i e veu hmw

/3, C-A,Sf,, &ibur@fek ,

Z ba.ske:é' (P).
- Mamemp'fyl fting bask t (P2
| 4= 44
|2~ 31 o
O b=144-3|= 13"
R d 4- 4"

e 144- 44—100




RAI ECTION

NO. 30-AS

AMERICAN SOCIETY OF CIVIL ENGINEERS' TYPE
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"L SECTION NO, 30-AS
30 Ib per yard
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it tons per.mile of single track .
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i BAR SECTION ANGLE BAR SECTION
NO. J-30 NO. A-30-AS
3 1b per pair 10.45 Ib per pair
of bar, 164 in. Length of bar, 164 in.
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~ * RAIL SECTION NO. 40-AS ~

AMERICAN SOCIETY OF CIVIL. ENGINEERS' TYPE

‘ ‘U

N

Yo <

5 A g

! ‘_\,‘
)1» _"
. .

/;:l” - ",.4-' ]
(T
’ '_ I,:’l"

2 "'z;t'
[N = * a
PR gz,.% L.
i P
- - ”u_lh
g
2 c 2

RAIL SECTION NO, 40-AS
40 Ib per yard

70.4 net tons per mile of single track
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STRENGTH OF MATERIALS 287

Size of Rail Necessary to Carry a Given Load. — The following formulas may be
employed for determining the size of rail and wheel suitable for carrying a given load.
Let, A = the width of the head of the rail in'inches; B = width of the tread of the rail
in inches; C = the wheel-load in pounds; D = the diameter of the wheel in inches.

Then the width of the tread of the rail in inches is found

A from the formula:
B ' c
B (1)

s/6" . " 1250D
R The width A of the head equals B + % inch. The diameter

D of the smallest track wheel that will safely carry the load
is found from the formula: .

C
D=——
AXK @
in which X =600 to 800 for steel castings; K = 300 to 400 for

cast iron.

As an example, assume that the wheelload in a’gi—ilen case is 10,000 pounds; the
diameter of the wheel is 20 inches; and the material steel casting. Determine the size
of rail necessary to carry this load. From Formula (1): . .

B= 20000 =0.4 inch.
1250 X 20*

Hence the width of the rail re"quiréd equals 0.4 + % inch = 1.025 inch. Determine
also whether a wheel 20 inches in diameter is large enough to safely carry the load.
From Formula (2): _ . .

. 10,000
1.025 X 600

This is the smallest diameter of track wheel that will safely carry the load; hence

a 20-inch wheel is ample. o .

= 16% inches.

American Railway Engineering Association Formulas. — The American Railway
Engineering Association recommends for safe operation of steel cylinders rolling -on

s
Nov 6,
2003

steel plates that the allowable load p in pounds per inch of length of the cylinder -

should not exceed the value calculated from the formula

=357 13000 £6 d for diameter d less than 25 inches.
20,000

This formula is based on steel having a yield sfrength, y.s., of 32,000 pounds per )

square inch. For roller or wheel diameters of up to 25 inches, the Hertz stress {contact
stress) resulting from the calculated load p will be approximately 76,000 pounds per

square inch. )
Example: For a 10-inch diameter roller the safe load per inch of roller length is
32,000 - 13*,000 . - "
==—————="— 600 X 10 = 5700 Ib: h of length.
20,000 5760 Ibs per inch of lengt

Therefore, to support a 10,000 pound load the roller or wheel would need to be 10,000/
5700 = 1.75 inches wide,
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L]Hmj bas ket we,«'g,ﬁut‘- 5/000-Léﬁ MAL e _
P= & (20,000 Lbkg) + 5,000 Lbs > 45, 000 Lbs

= g b$ | ' ~
oy F5 000 L o
Ri|. = Bib. 45000 Lbs (112" )\ | 35,315 Lbs
Pl T 4,4,”
_ Sy T I
Rilp, = Bk - 57000 Lis ( _%:_) = 1,530 Lbs
_ {53 G

b
R= Rifp + Bi|p, = 36845 Lbs

’n\& L Wi"ebf} a/f' R; SAQVQ. R,'ef—uaﬂa(, (_I—ra,m Ariaet

3 MM;MW \oad on 1 wheed= 3,,245 - 4"2_‘215 y
2

= 19,425 Ls /et
Rail u{owﬁ, wWith 14'¢ wheel = Craid = 1,250 BD

—

A Crail= 1,250 (vasS) (1 4) = 21, 875 Jes > /9,425 Lis

Whed Cafa«onlj 7 |
K is not Kmown. Culadale o minimum value for K
using the desigm load information on Aog. ME-306773.

1| Minimum wheed loa/di% = 88000 Lbs

4 wheels '
= 22,000 Lés/‘,/,u /
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Kov 6,200

Back cidcwtate a K-value and. com (:mwe 1+ F»
e 60D 4o 800 ra/nfe_ g/w&n on ]raﬂéﬁ—

Nhebf Oa/:a«cn‘? = DAK

K s Wheelcopoeity . _22,000 = g4,
AR 1Z (1.875)

s o s SIA

YA Mminimuwna whed cafa.af-a_ o-ﬂ 22 000 LLs

IS reasonable

\/

So, 23,000 Lbs - 19, 25 Lbs

cm—

[
el wheel g

The *fmms/par'f% was load «{%1”@? Wil 40 +toms.,

:’ﬂ\e Wi mum ‘l'%‘i" ﬁ/& was ) =
= Q0,000 L&s, whida \S A&%\?’V\ \u‘k‘j/‘{— l() i

From: *John Vomn <voirin @fnal gov>
To: "Andy Stefanik" <stefanik@fnal.gov> 1
Sent: Tuesday, November 04, 2003 6:36 AM i

Subject: Re: Memory Test

| A little over 40 ton.

----- Original Message -----

From: Andy Stefanik

To: John Voirin

Sent: Monday, November 03, 2003 5:59 PM
Subject: Memory Test

John,

How much weight did you put on the transporter when you tested it for us?

Andy
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N e rails and 'émMS/Dm'?LCr wll be [oad fested after
insfallation. Theltest load will be two baskets plus

| four Duratek blocks plus 4,100 Lbs ax oxle R..

For the [oad fest: P, = 45,000 Fés (Bame as ™ $ s)
Pg > 45000 Lbs
égpm»fy i3 sama as <h S5,

|\ R, — Follsw 8 S

R,/p’ = 35,315 Liés

Rl)Pq,-' 45,000 Lis <%= 13,7850 Lék
/

R.= 35315+ 13,752 = 49 065 Ldés
o Whel deet [02d ~ 49,005, 4000 - 25,530 Lis
X

i
| T&S‘{' lbad % = 25, 530-19 425 }/00_,'_,3070 > 25 % 0K
14425 - il
Ko |
Rilp = Ro _ 45000Lbs (31") _ 9690 Lbs
R S 44
\ /)

(R, = 9690+ 3,260= 40,940 Lis
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W hee Joad =~ 40,.240 Lds , dovo _ 21,470 Lis
| 4

Must add 4,100 s sver +Hhe oxle at R~ .
/o« Wheel 451 had = 21,470 +4,100 = 25,570 Lbs

Size +ha K. on r wheel
/oi:{ of §%§7OQZ$- M/)%fﬁ e -'L%f
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Dase 5
45" el o~ Base

P"‘o?é 000 Lbs (Frm §é>

e A HAS 1 | /4
" Ke STIT 777777 777773747
T}M YM{’ILLS 12 y\—/ L'—'L*—’B, rgese. s S K

'/fﬂ\ick stee)

i e i l ov Co i

0#5&{"‘6”’ 1.875/,2 -— 5//5 = 0:6@75" ’ i’éoin?;arf »0 vering
it » Pk CDV\CV'?/{‘{

’Cbldr #6 ﬂiKV&lO/DeJ sids load Ph: 7 0625 Hoor

A= f12%-0.6a5" = 1,9€3713" el 70 3

bt it
/h9827) 3 Pv

£ = 0053 Pv= 0.052(24,000)
e ) BER Jubis
Check ovbr-fumm& Moment at ’:);\/of*'Pam/‘t" "B, "
Py (% +¢)> Ph (height)
26,000 Lbs (310, (,7«5’)17)7 /,352Lbs (4,75 4m)

§4250 m-Lbs > 4,422 jn Lis oK
Ckc,,ck ouw-}uwfw}, mowment ot P.\wf):m\vf- "W
2,000 (3.5 +0.62.5) ;/,352( 35 )

6/)750 in-Lbs > 4,73 n-Lbs 0l
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v Rai |
Dase ‘ g
415 !
B =:26,000 Lbs (Frem§4) P
Tresd vadius = 12" ¥ R )

Offset'e = 1875/2 - T = 0625 " Tt
‘ e

Find. fhe daveloped side load Ph:

4 IS0 6rs T = 1,963713 "

w8 = %
gdal | . B

K933~ Pr
b= 0053 Pv= 0.052(24,000)
= |,352 Lbs
Check o:whrn)na, momentt ot Pi\/off[)amj‘ "B, :
Py (§+9> Pn (huight)
26,000 Lbs czfo.bzs)m«,; /,352 Lbs (4715 4m)
94350 m-Ls > 422 i Lis ok
o| Check overturning mowment ot pivet poiwt " W' 7
| 2000 (5.5 +0.625) ,352( 35 )

0y750 an-Lbs > 4,734 an- Lbs O,ﬁ
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Z FVcr-[-*iu—d S 2,
R Ry =)
Rv=Pv

Ry is distributed almm;, e hase F/M‘é

‘| Base Plaie bwvrw? pressure on Hhe Crmeree Lloor
Assume. Py sfrea/d)s out /m‘y‘fwﬁmj%, (w‘lan? Hhe
mA!L) aX a 457 angle starig at He -/700757%,
il and ,@a)"emllg, ak & 45° angle sw‘mh%;,aa‘
the outer e&%&; of e 3'R" yride rail.
Deari g ares ﬁmsimm} +he yaid
<A (4150 > 19.5" | 45" s
478 475
Bemmg area dimension Latersl o He paid’
= 3+ (1) =" 3h

\;’/4 g® _—I\ | /4

BMW& arvea= 9.5 x L
-~ 5745
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)i
AFP eA loncrete bwrmd@ ;bresswc X6, ;;Mz 4§é/>sr

MMH'IPIIj by ACL (0ad Factor: 450(14) = 040 'PS/Q-—N

Conw«'/f’e/ cleﬁli/m bear; V‘é S-f-r%g;("f'\. ‘CDBS ¢ %—:ﬁur

Applied
£2 = 4,000 /asz. per Elaine /u‘Cluskej in:FESS "

cpss 0.35 ¢ £o A, Az,_>4,w7‘ A}ioozw
4 AN‘B

| ff: D.b5
A = 57/!«

{‘Az Sl Co'n(/r«MLe d,eaa-)—k 13 Mud\ > Hhwn 27

The bear y’a-'o r&aa@oﬂ)(’qlln
Hae concrtte, 9\ th- adds

9" 4o 2ach ahvwwsvw +Ha surface
aum'\g area .

A= (2.5+ ) (E#8)= 245 n

f‘ ,;245 -

o ODBS = 0.85/4.657(4,000)(57)/;2)=o?5/,6740 Lis

Allowable coperete Lmrrng, pressure = 251,940 Lbs
_ 57~

= 4)4’070F$I' > 640/35/'
g}
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Weld betuwsen rad| and base,; WJLF;"MrkeYP,M=a4.”

| The il w1l be welded o both the inboard. amd sutboard
sides at eack weld locoAion .

Laterak load = Py = [,358 Lbs

As sean in 87, there /s ro Vertical load.,

Weld spec: '/lr”e/f«allz? fillet, £7018

WeAd |oad Cadow\";(, = £(0707im x| 4%, 2000 Lbs

Anch o f wdd A
= 3,200 L!-V?‘n £ weld

Use 2" of wedd on cach side of +he rail af cach
we\d location,

2(2") % 4 wuches oF wedd.

4 /‘lq,a.f/w%u,y 3 700 Lbs = /4,300 LA§>/,,35.2. LLs
Noﬁ s Thizis omly a check
WMﬁ)fd ~ : check of zzﬁw. weldd .
| 2 | Wl 3 sized in the
_Wd%ﬁfc&} 247 = k@ p—r'-fcﬂ., next cole,

Chech_ dsflection be k.
supper Tl . . Fweea Hhe welds, Moded as &s/\mdaléu

P %
@Z\wﬁvr FBEL
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r\]o\lb;waB

j: = I/y/rﬁf/ t ljj base = thickness (,éw?}“f\)

= IQ';M\(bm)/J- 2 RS ant

Amer, 250 g (24 n o = 00006 " ok

@ coter 4—3(3.7, 000,000 .L:Q') (22, S "44‘) by

Check He stress, Midh ot a smvaly, Suﬂs{:ari’w( bearn .
Moy = &é . Li3sa Lﬁ; (2bss) . 8, /12 s

= Me _ 8251k (12)en” _ jo52 psi
p ; 225 b

Base mateciel is pMivz0. Fy7 30,000 psf
= allowable b'wumﬂ stress = 0.0 (30,000) = |8, 000 Ps;

>, 082 psi 25
Fv = dllopweble shear stess = 6.4(30,000)= |2, 000 psi

Sve Wiptsite- = Il pa Siheon sl O
(12 A
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A resishve mpmant pill dunelop 1n Hee welds. ModL
the redl as a beam with £ xed ends 4o celenlete a
May | muw_stress Vadul, ~ |

Mmay, > EL - 1,354 Lbs(ﬂ%w) e 054,0; -Lbs
(@ awrw g il | |
§nds)

Tieet He weld as a bire, <p 2" =b

‘ N ¥ XX Lo n‘"M
3.5"=2d, N

The weld. groep /s sué ected i{ wxx-vj'

’(0 7‘&0757‘7»&3 ﬁ "7 j 2 -

r A p ‘ng _igita 63,/2)(3,5)5;‘3 _ et ]
-H._ Tc_‘ _4096%L65 (3 579,)%'
g Tu 13.L1n% = 525 Les/ of weld
ﬁ,atwf Tc it _ 4056 (72) . 200 Lés/inod weld
: '\‘)"w /304»

2 kel shear dae vp 1353 Lb side lpak
bor LASELES o 300 Lied ol

2 ( 2an)
Combine. H [oads | EI5
R.&SWIW%YG& on #2, WQ‘4§ FR FR | 300
338

Fr:/(35) >+ (3004 338)>

= 3L Lés <_ 3,700 Lbs pegell) O
'n ,o;— wM !  of weld ( ) -
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'“3

be 2
Ju= 23e3(aes) . 73

é

are ok

The /<7$M‘C— 3”(0%} witb 2" of weld .

A= b+ 1%+l = 5’.5'"

5»\% 73:6 44> > /3,4 4n> (Tw for e yoil wilds) ) 4he
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What EJC lu? g(:a,a‘*\?_ 5 7,‘2”/745/-544,4 0/02'4'”? ’
WAL piteh= 24’ (@7 piteh s 722", Follew § 7.

M&f/caﬁm be{-wee,.\, +He S MOM as & 5 3
supportsd beam. e s o

Avay = PL . 1352 (72) i 0067,
@ 48EL  49(29 000,000)(22.5 ¥ ) iy

Check +He stress, Model as a 57mﬂ; 5«73/90)'7‘64? beam
Mway = eL - /,35&4{759 _ 241336 n- Ui

o= Mo | 24,3360 _ 5,245 psi < /8,000 psi 0K
- 2§

10»/’* Do 13520 /180 " & /2,000 psi OF
2 Al By inmop o B

PesistiNe ymoment

Moy, = %t., !,35_a~£'7a3 = 12 168 am-Lbs
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: ¢ Beic
Treat e weld as a line . F174 g
. +l 4 L?
The weld group [ subgected o wisting. o 87"
- 12 T Low g el
Tu= B 3bd” Tl il e.5%d
3 b TSR .‘ = 3 NAN XY
= 2°2+3(2)885) _ 736 < 2=
A
e = Tcions - 12,068 5a-ts (5T )ix _ 705 Lbs
™ Jw 73.b 2 in of weld weld.
10+ = T Clakexed _|X,168 (Y /65 Lbs
iphern Tw . 236 ot weld
Cy= 1353 Lbs 320 /4
2(2an) 7 “inofweld
Combine +he loads 705
Fe= 705)* + (165+338) " il
. , , 338
=870 Lis ¢ 3,700Lss  oF
mef w mof w ‘
Ke Keﬂy
X’lz")( X¥X
Horizontal Shutr%:rw o3 o2 2 2
‘ 5“;;& gyl e Ra
Chleck e horizomtel 24" SN AN &
shear force Mdz,de/o/pes "m it
on 1#e Two wdd,?roufs Key Key

between +he k&?s
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| d: é ‘
Fr = horizontal shear ﬁroe_ @ ‘ Re |
4
a = A5 44 (31 L75) i = L8LAS .in™ 15
y = (3+-RISHa = 28750 37

R=0Y = (1.56257)(2:3752n) = 3.7/ 4m >

i 643_ e (L) o . A
=

\/ =} = /1,852 Lbs

Fo= N3 Lee {510 sl | - 723 4da
2?9..5'/'17 * ‘

s
Force ’30( dnch o £ weld - 223 1:;5 x 72

4W,A Xﬂ_@;

= 2,007 145 fen o f weld,
Pe cileuldate Hhe resublant foree on +ha rail weld

From '7"/1»6 /50#0% a‘je 7)42,& /3! 9.,00’74’53.5'

fr :/[,2,;0071* 525)*+ (300 + 338) v

| 300

338

= 2,6l Libs & 3,700 _Lbs ok
in of weld inof wed, —
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Conclusians mf@m&n} wedds
/?m/ wedd ! 4{4 &f,w,( 47 Flled , 2 moniamapn.

W 24" peteh zaayamam//é:?p/g’
Key ng% =37

,/4”?‘/4"/4? 94//67(' 02 Muwmwm,&/wyﬂ”/\.
'73”/04@(. magimumn. , £ 70/, wragf weld.

aroumd ends of /eu}@ Ve
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T
)
L \\ N
L 65.008 — =} 100.008 - P i
 ° ' 5
30.00 = [ 136.00 - < 740.984 =
: 124 .43 | N B ]
| I
- | i /
N \ T )
y L :
T i\
| = - S i — - 3
| m _M?T‘? T\\/ 68.00 N4
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C | ﬂ\\4}4j f i
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1 | \
- ———— 4 X
I |
- = — —— 1
Il |
(S 1
) | |
I 1 1] ‘17
: f—7.23
i = 4%
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| N BN | N
| | || | | | | || 83 34
| | BN || | ( : )
|| | BN || |
<:>\\Ei A ‘:’ | N BN | N (*B>E3
N N e ‘
= SEX =1/
— I
= A éi>
C NOTES:
1. WHEN INSTALLING TRANSPORT RAIL ASSEMBL IES
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10.17 — Bearing strength

| 10.17.1 — Design bearing strength of concrete shall not
exceed ¢ (0.85f;A,), except when the supporting sur-
face is wider on all sides than the loaded area, then the
design bearing strength of the loaded area shall be per-
mitted to be multiplied by ,/A,/ A, but not more than 2.

Code Eﬁﬁulrmwf‘ bor
e (ACT 3/8-02)
R-0 )

318/318R-137
COMMENTARY

Plan
Load
T oaded area A;
y Y VY f\
2
o’ 2z ™ \ﬁl I_
N e B e A ~N
. KA; is measured on this plane
\ 4ﬁ
Elevation

Fig. R10.17—Application of frustum to find A, in stepped or
sloped supports

R10.17 — Bearing strength

R10.17.1 — This section deals with bearing strength of con-
crete supports. The permissible bearing stress of 0.85f,” is
based on tests reported in Reference 10.41. (See also 15.8).

When the supporting area is wider than the loaded area on
all sides, the surrounding concrete confines the bearing area,
resulting in an increase in bearing strength. No minimum
depth is given for a supporting member. The minimum
depth of support will be controlled by the shear require-
ments of 11.12.

When the top of the support is sloped or stepped, advantage
may still be taken of the condition that the supporting mem-
ber is larger than the loaded area, provided the supporting
member does not slope at too great an angle. Fig. R10.17
illustrates the application of the frustum to find A,. The
frustum should not be confused with the path by which a
load spreads out as it travels downward through the support.

At 212 Riuildina Cada and Cammantarv



CHAPTER 9
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1.2 — Members also shall meet all other require-
ments of this code to ensure adequate performance at
service load levels.

9.1.3 — Design of structures and structural members
using the load factor combinations and strength reduc-
tion factors of Appendix C shall be permitted. Use of
load factor combinations from this chapter in conjunc-
tion with strength reduction factors of Appendix C shall
not be permitted.

).2 — Required strength

9.2.1 — Required strength U shall be at least equal to
the effects of factored loads in Eq. (9-1) through (9-7).
The effect of one or more loads not acting simulta-
neously shall be investigated.

U=1.2(D+ F+ T) + 1.6(L + H) (9-2)

+0.5(L,or SorR)
U=1.2D+1.6(L,or Sor R) + (1.0L or 0.8W) (9-3)

U=12D+1.6W+1.0L+05(L,orSorR) (9-4)

U=1.2D+1.0E+1.0L+0.28 (9-5)
U=09D+1.6W+1.6H (9-6)
U=09D+1.0E+1.6H (9-7)

except as follows:

(a) The load factor on L in Eq. (9-3) to (9-5) shall be
permitted to be reduced to 0.5 except for garages,
areas occupied as places of public assembly, and all

areas where the live load L is greater than 100 Ib/ft2.

R O A e o e L T R T,
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The changes were made to further unify the design pro-
fession on one set of load factors and combinations, and to
facilitate the proportioning of concrete building structures
that include members of materials other than concrete.
When used with the strength reduction factors in 9.3, the
designs for gravity loads will be comparable to those
obtained using the strength reduction and load factors of the
1999 and earlier codes. For combinations with lateral loads,
some designs will be different, but the results of either set of
load factors are considered acceptable.

Chapter 9 defines the basic strength and serviceability con-
ditions for proportioning structural concrete members.

The basic requirement for strength design may be expressed
as follows:

Design Strength > Required Strength
¢ (Nominal Strength) 2 U
In the strength design procedure, the margin of safety is pro-

vided by multiplying the service load by a load factor and
the nominal strength by a strength reduction factor.

R9.2 — Required strength

The required strength U is expressed in terms of factored
loads, or related internal moments and forces. Factored

_ loads are the loads specified in the general building code

multiplied by appropriate load factors.

The factor assigned to each load is influenced by the degree
of accuracy to which the load effect usually can be calcu-
lated and the variation that might be expected in the load
during the lifetime of the structure. Dead loads, because
they are more accurately determined and less variable, are
assigned a lower load factor than live loads. Load factors
also account for variability in the structural analysis used to
compute moments and shears.

The code gives load factors for specific combinations of
loads. In assigning factors to combinations of loading, some
consideration is given to the probability of simultaneous
occurrence. While most of the usual combinations of load-
ings are included, the designer should not assume that all
cases are covered.

Due regard is to be given to sign in determining U for com-
binations of loadings, as one type of loading may produce
effects of opposite sense to that produced by another type.
The load combinations with 0.9D are specifically included
for the case where a higher dead load reduces the effects of
other loads. The loading case may also be critical for tension-
controlled column sections. In such a case, a reduction in
axial load and an increase in moment may result in a critical
load combination.



W IOV

% coDE

(b) Where wind load W has not been reduced by a
directionality factor, it shall be permitted to use 1.3W
in place of 1.6Win Eq. (9-4) and (9-6).

(c) Where earthquake load E is based on service-
level seismic forces, 1.4E shall be used in place of
1.0Ein Eq. (9-5) and (9-7).

(d) The load factor on H shall be set equal to zero in
Eq. (9-6) and (9-7) if the structural action due to H
counteracts that due to W or E. Where lateral earth
pressure provides resistance to structural actions
from other forces, it shall not be included in H but
shall be included in the design resistance.

9.2.2 — If resistance to impact effects is taken into
account in design, such effects shall be included with
live load L.

9.2.3 — Estimations of differential settlement, creep,
shrinkage, expansion of shrinkage-compensating
concrete, or temperature change shall be based on
a realistic assessment of such effects occurring in
service.

9.2.4 — For a structure in a flood zone, the flood load
and load combinations of ASCE 7 shall be used.

9.2.5 — For post-tensioned anchorage zone design, a
load factor of 1.2 shall be applied to the maximum pre-
stressing steel jacking force.

CHAPTER 9

o
COMMENTARY

Consideration should be given to various combinations of
loading to determine the most critical design condition. This
is particularly true when strength is dependent on more than
one load effect, such as strength for combined flexure and
axial load or shear strength in members with axial load.

If special circumstances require greater reliance on the
strength of particular members than encountered in usual
practice, some reduction in the stipulated strength reduction
factors ¢ or increase in the stipulated load factors U may be
appropriate for such members.

The wind load equation in ASCE 7-98%! and IBC 2000°-2
includes a factor for wind directionality that is equal to 0.85
for buildings. The corresponding load factor for wind in the
load combination equations was increased accordingly (1.3/
0.85 = 1.53 rounded up to 1.6). The code allows use of the
previous wind load factor of 1.3 when the design wind load
is obtained from other sources that do not include the wind
directionality factor.

Model building codes and design load references have con-
verted earthquake forces to strength level, and reduced the

earthquake load factor to 1.0 (ASCE 7-93%3: BOCA/NBC

9374, SBC 94%5; UBC 97°; and IBC 2000%2). The code
requires use of the previous load factor for earthquake loads,
approximately 1.4, when service-level earthquake forces
from earlier editions of these references are used.

R9.2.2 — If the live load is applied rapidly, as may be the
case for parking structures, loading docks, warehouse
floors, elevator shafts, etc., impact effects should be consid-
ered. In all equations, substitute (L + impact) for L when
impact should be considered.

R9.2.3 — The designer should consider the effects of differ-
ential settlement, creep, shrinkage, temperature, and shrink-
age-compensating concrete. The term realistic assessment is )
used to indicate that the most probable values rather than the
upper bound values of the variables should be used.

R9.2.4 — Areas subject to flooding are defined by flood
hazard maps, usually maintained by local governmental
jurisdictions.

R9.2.5 — The load factor of 1.2 applied to the maximum ten-
don jacking force results in a design load of\about 113 per-
cent of the specified prestressing steel yield strength but not
more than 96 percent of the nominal ultimate strength of the
prestressing steel. This compares well with the maximum
attainable jacking force, which is limited by the anchor effi-
ciency factor.

ACI 318 Building Code and Commentary
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9.3 — Design strength

9.3.1 — Design strength provided by a member, its
connections to other members, and its cross sections,
in terms of flexure, axial load, shear, and torsion, shall
be taken as the nominal strength calculated in accor-
dance with requirements and assumptions of this
code, multiplied by the strength reduction factors ¢ in
| 9.3.2,9.3.4, and 9.3.5.

9.3.2 — Strength reduction factor ¢ shall be as follows:

9.3.2.1 — Tension-controlled sections

as defined in 10.3.4 .....ccevieieieeeeeeeeee e 0.90
(See als0 9.3.2.7)
9.3.2.2 — Compression-controlled sections, as

defined in 10.3.3:

(a) Members with spiral reinforcement
conforMIRGRIOMDED. 3 ... ccicisnniiasvuvessnassaosbadensas 0.70

(b) Other reinforced members .........cccceeveeuenneee 0.65

For sections in which the net tensile strain in the
extreme tension steel at nominal strength is between
the limits for compression-controlled and tension-con-
trolled sections, ¢ shall be permitted to be linearly
increased from that for compression-controlled sec-
tions to 0.90 as the net tensile strain in the extreme
tension steel at nominal strength increases from the
compression-controlled strain limit to 0.005.

Alternatively, when Appendix B is used, for members
in which f, does not exceed 60,000 psi, with symmet-

ric reinforcement, and with (h — d’ = dg)/h not less

than 0.70, ¢ shall be permitted to be increased linearly
to 0.90 as ¢P, decreases from 0.10f A4 to zero. For

318/318R-99
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R9.3 — Design strength

| R9.3.1 — The design strength of a member refers to the
nominal strength calculated in accordance with the require-
ments stipulated in this code multiplied by a strength reduc-
tion factor ¢, which is always less than one.

The purposes of the strength reduction factor ¢ are (1) to
allow for the probability of understrength members due to
variations in material strengths and dimensions, (2) to allow
for inaccuracies in the design equations, (3) to reflect the
degree of ductility and required reliability of the member
under the load effects being considered, and (4) to reflect
9.79.8

the importance of the member in the structure.

In the 2002 code, ‘the strength reduction factors were

adjusted to be compatible with the ASCE 7-98%! load com-
binations, which were the basis for the required factored
load combinations in model building codes at that time.
These factors are essentially the same as those published in
Appendix C of the 1995 edition, except the factor for flex-

ure/tension controlled limits is increased from 0.80 to 0.90.

t9.7

This change is based on past” ' and current reliability analy-

ses,”? statistical study of material properties, as well as the
opinion of the committee that the historical performance of
concrete structures supports ¢ = 0.90.

R9.3.2.1 — In applying 9.3.2.1 and 9.3.2.2, the axial ten-
sions and compressions to be considered are those caused
by external forces. Effects of prestressing forces are not
included.

R9.3.2.2 — Before the 2002 edition, the code specified
the magnitude of the ¢-factor for cases of axial load or flex-
ure, or both, in terms of the type of loading. For these cases,
the ¢-factor is now determined by the strain conditions at a
cross section, at nominal strength.

A lower ¢-factor is used for compression-controlled sec-
tions than is used for tension-controlled sections because
compression-controlled sections have less ductility, are
more sensitive to variations in concrete strength, and gener-
ally occur in members that support larger loaded areas than
members with tension-controlled sections. Members with
spiral reinforcement are assigned a higher ¢ than tied col-
umns since they have greater ductility or toughness.

For sections subjected to axial load with flexure, design
strengths are determined by multiplying both P,, and M,, by
the appropriate single value of ¢. Compression-controlled
and tension-controlled sections are defined in 10.3.3 and
10.3.4 as those that have net tensile strain in the extreme
tension steel at nominal strength less than or equal to the
compression-controlled strain limit, and equal to or greater
than 0.005, respectively. For sections with net tensile strain

A 940 Diusildinns Nada Aand NMAammantarne
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other reinforced members, ¢ shall be permitted to be
increased linearly to 0.90 as ¢P, decreases from

0.10f"Ag or $Pp, whichever is smaller, to zero.

9.3.2.3 — Shear and torsion .........ccceeeeeveecennenn. 0.75

9.3.2.4 — Bearing on concrete (except for
post-tensioned anchorage zones
and strut-and-tie models).......ccceevevueereceiicennnnen. 0.65

9.3.2.5 — Post-tensioned anchorage zones...... 0.85

9.3.2.6 — Strut-and-tie models (Appendix A), and
struts, ties, nodal zones, and bearing areas
iN SUCH MOTBIS -...caiossesscnsssssivssamssmmsssarsasasosasassss 0.75

ACI 318 Building Code and Commentary
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@ =057+67 &\

0.90
v %
/”’
Spiral P
¢ 070L-4="-- . ¢ =048 + 83¢,
0.65 Other
Compression | _ Transition __Tension
controlled | _| controlled
8‘ = 0.002 8' = 0.005
c_ c_
= 0.600 4 0.375

\ Interpolation on ¢/d;: Spiral § =0.37 + 0.20/(c/d;)
Other ¢ = 0.23 + 0.25/(c/d)

Fig. R9.3.2—Variation of ¢ with net tensile & and c/d,
Grade 60 reinforcement and for prestressing steel.

& in the extreme tension steel at nominal strength betw
the above limits, the value of ¢ may be determined by lin
interpolation, as shown in Fig. R9.3.2. The concept of ne]
tensile strain & is discussed in R10.3.3.

Since the compressive strain in the concrete at nomin;
strength is assumed in 10.2.3 to be 0.003, the net ten:
strain limits for compression-controlled members may
be stated in terms of the ratio ¢/d;, where c is the depth
the neutral axis at nominal strength, and d; is the distanct
from the extreme compression fiber to the extreme tensior

By

steel. The c¢/d; limits for compression-controlled and ten:
sion-controlled sections are 0.6 and 0.375, respectively. Th
0.6 limit applies to sections reinforced with Grade 60 steg
and to prestressed sections. Fig. R9.3.2 also gives equation
for ¢ as a function of c/d;.

The net tensile strain limit for tension-controlled sections ma
also be stated in terms of the p/py, as defined in the 1999 and
earlier editions of the code. The net tensile strain limit of 0.
corresponds to a p/py, ratio of 0.63 for rectangular sectio
with Grade 60 reinforcement. For a comparison of these provi}
sions with the 1999 code Section 9.3, see Reference 9.10.

R9.3.2.5 — The ¢-factor of 0.85 reflects the wide scatter @ &
results of experimental anchorage zone studies. Since 18.134

limits the nominal compressive strength of unconfined concre
in the general zone to 0.74f};, the effective design strength fo}fj
unconfined concrete is 0.85 X 0.7Af; =0.6Af; . i}

R9.3.2.6 — The ¢ factor used in strut-and-tie models i}
taken equal to the ¢ factor for shear. The value of ¢ for strut:,
and-tie models is applied to struts, ties, and bearing areas in’
such models. ' |






