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Place only your student identification number on this test (on all pages). Do not place your
name on the test. Do all of your work on the pages provided. If you must separate the pages,
staple them back together before surrendering your test. The credit and approximate time that it
should take you to work each problem is provided in the square brackets [ |. It is smarter to
attempt all of the problems than to spend most of your time on one problem. You may use your
ACI concrete code and the reference sheets that are provided for your use; no other materials
are allowed.

1. Determine the required size and spacing of vertical U-stirrups for a 30 foot span, simply
supported beam.
[40 points, 30 minutes)
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2. A beam cross section is limited to the size shown. Determine the required area of

reinforcement for service load moments Mp = 490 ft-kips and My, = 190 fi-kips.
[40 points, 30 minutes)
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3. Answer the following questions. Your answer must fit in the space provided!
. [20 points, 15 minutes]

a. What is aggregate interlock, and where is it likely to be considered in reinforced
concrete design?

ﬂcﬁjraa e inderlack s the mechanism —‘_”‘I Lol ‘L‘, é"ﬂ‘nt'ﬁa’#e'
pieces  on e ter ade of a (\-“"“3““‘“\ erack :“‘E-l— <hpprag-
Q_\on() {h rcqu\ L'L—f'\"l ‘\r"?j\u\‘&‘r ';""‘—'QELCE' <. Re‘\"'{“ri"\qﬁ rust

.l,)(:; (_\t(}*\i{th’b OLMESS \'HJ £s e?ul‘.K ‘{—'ﬁ k@_&,’P "HM- S‘i‘éag (.;p
;‘)\\b C,.{‘&t,\f.. ‘Cmm mw}—\j thcn’bf

b. What two sizes of cylinder molds are used for concrete testing in the State of
Louisiana?
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c. Name and explain the three mechanisms contributing to bond.
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§23E J.iF [sx|2ssasAns|E8y [B Table 3.9.3  Mifimum Beam Width tinches) To Satisfy 2 Bar
283 E58% ’ ® Diameters Clear Spacing
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J3E Z2El ISa|lmauuaauee © BAR -
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-~ T c > w5 . -
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538 T8 —w ki inmg o O |5 <. #4 stirmups for bars #14 and #18.
R A E _ = S [ .
:“"': 2 2 E- - d. Since stirrups are bent around 4 stirrup bar diameteis, the distance from
F3 . g Wkl fh b e e eentroid of bar nearest side face of beam 1o inside face of #3 stimuy is
3 _Q_' = S| 2222 a9 ES taken a5 0.75 ih. for bars #11 and smaller; and equal to the bar adivs
§ TE g > for #14 and #18 bars.
SEe & &
mE R
i B — I
-IE-QQ g :b-\f PSR B RS méggg
I 23 IBLESAEINBL |EER"
w R 2 o g Table 3.9.4 Minimum Beam Width [inches) To Satisfy
3 Bar Diameters Clear Spacing
NUMBER COF BARS IN SINGI.I: LAYER
BAR
SIZE 2 0 7 8
slattisansanse [RE B SIZR __ 3 4 3 -
bl % *4 13 23 1]_.3 13.3 15.3 17.3 193
E: S #5 78 103 148 153 178 203 228
e a2 2 i i
Bleczrczagssss =32 o 6 B3 113 143 173 203 233 263
LN - IR =RV RS I 4 WA ~ - 7 ¥ . o K . S .2 L
g Yxeds BHRESR ag - w7 8.8 12.3 15.8 19.3 28 26.3 208
& = #8 93 133 173 213 253 293 333
c < |3 ¥ 08 143 188 233 278 323 368
ElBumawprr—co |0 |7 #10 103 154 205 256 307 357 404
'g- SRZZEIREEER <3 |3 #11 109 165 222 278 335 301 | 447
o
] n ; - ‘
ZFlamrerupoopss | = x14 125 192 260 32B 306 463 531
FlennuBggavss = #18 153 243 333 424 514 604 €95
I3 o - -
= = 1
f|prwrmm—_rooos o *Table Assumptions:
Slggnesapessny |v = ~
"53. " ; a. Side cover 1.5 jn. exch side.
D Rospunemcos [, [= b. #3 stitrups For burs #11 and smaller.
g|evE2suinagy 2 ¢ #4 stirmips for bars =14 and #18.
[ @ d. Since stirups are bent around 4 stimup bar diameters, e distance [rom
E Foomernr o S g cenuoid of bur nedrest side face of beam to inside face of #3 stitrup is
o S8XRBEIIRBE ; taken as 0.75 in. for burs #11 and smaller; and equal 1o Ui bar radius
i z | o, for #14 and #18 bars,
3 (BSapvuwwnauo V‘E 3 .-
Eleh2u3r2yEs8y z |g
£ £ |o . . .
e cuppumens (o e 13 A = 13in. dear cover to stirmip a
g BEETSiSLASR E & B=Lin. stivup bar diameter A (D
é BrBouwswnwo || e C = Vor #Li and snuller bars, use twice the
B EFEEEEEREE A diameter of =3 stimups (e, €= .75 in.).
For #14 and #18 Dars, use C = 0.54,
e e o
;‘é ; ; ; § E § ;‘ ; 5 % = £ = clear distance between bas = o or 1in,,
N whichever is greater (where oy, is the diameter
_ EBECenvwneo |4 of the larger adjacent longiludinal bur) o )
ERZ&SECD88Y3Y Diameter of corner bar is
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Table A.7 Values of p Balanced, p to Achieve Various €, Values, and p Miniinum for Flexure, All
Values Are for Tensilely Reinforced Rectangular Sections

1 ‘ 3000 psi 4000 psi 5000 psi 6000 psi
5 By =085 By =085 B, =030 B, =075
p balanced 0.0371 0.0495 0.0582 0.0655
when g = 0.004 0.0232 0.0310 0.0364 0.0410
Grade 40 PR &
40,000 psi p when g, = 0.005 0.0203 0.0271 0.0319 0.0359
(275.8 MPa)
( p when €, = 0.0075 0.0155 0.0206 0.0243 0.0273
‘ p min for flexure 0.0050 0.0050 0.0053 0.0058
L p balanced 0.0275 0.0367 0.0432 0.0486
‘hen g, = 0.004 0.0186 0.0248 0.0291 0.0328
Grade 50 u“ e
50,000 psi p when g, = 0.005 0.0163 0.0217 0.0255 0.0287
{344.8 MPa) .
p when g, = 0.0075 0.0124 0.0165 0.0194 0.0219
Wlniﬂ for flexure 0.0040 0.0040 0.0042 0.0046
p balanced 0.0214 0.0285 0.0335 0.0377
p when g, = 0.004 0.0155 0.0206 J 0.0243 0.0273
Grade 60
60.000 psi p when g, = 0,003 0.0136 0.018! 0.0212 0.0239
413.7 MPa}
¢ A p when g, = L0073 0.0103 J 0.0138 0.0162 0.0132
£ min for flexwre 0.0033 0.0033 0.0035 0.0039
p balaneed 0.0155 0.0207 (0.0243 0.0274
o when g, = 0.004 0.0124 0.0165 0.0194 0.0219
Grade 75
75,000 psi p when €, = 0.005 0.0108 . 0.0144 0.0170 0.0191
17.4 MP:
S D1 pwhene, =00075 | 00083 0.0110 0.0130 0.0146
p min for flexure 0.0027 0.0027 0.0028 0.0031
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Table A.12 (Continued)
._IWL M" M" Ma
4 bbd® P bbd? P pbd? P :[);d—z
00102 5383 00111 5788 00120 6180 0.0129 6562
00103 5429 0.0012 5823 00121 6223 0.0130 6609
00104 5474 0.0113  587.6 00122  626.6 00131  664.5
0.0105 5519 0.0114 5920 0.0123 6309 00132 668.6
0.0106 5564 00115 5964 0.0124  635.1 00133 6728
0.0107 5609 0.0116 6007 00125 6394 00134 6769
00108  565.4 00117  605.1 00126  643.6 0.0135 6810
00109  569.9 00118 6094 0.0127  647.8 0.0136  685.0
00110 5743 00119 6137 0.0128  652.0
Table A.13 £, = 60,000 PSE; £, = 4000 PSI—U.S. Customary Units
M, M, M, M,
P bbd? P pbd r $bd® P b
pafor 0.0018 106.3 00041 2371 0.0064  362.2 0.0087 4818
e 0.0019  112.]1 0.0042 2426 0.0065  367.6 0.0088 4869
00020 117.1 00043 2482 0.0066 3729 00080 4919
00021 1237 00044 2537 0.0067 3782 0.0080  497.0
00022 1294 0.0045 2592 0.0068 3834 0.009  302.0
00023  135.2 00046  264.8 0.0069 3887 00092 5071
00024  141.0 0.0047 2703 0.0070  394.0 00093 5121
0.0025  146.7 00048 2758 0.0071 3992 00094  517.1
00026 1524 00040 2812 0.0072 4045 00095 5221
0.0027  158.1 00050  286.7 0.0073 4097 00096  527.1
0.0028 1638 0.0051 2922 0.0074 4149 0.0097 5320
0.0029  169.5 0.0052 2976 0.0075  420.1 00098 5370
0.0030 1752 0.0053  303.1 00076 4253 00009 5420
0.0031 1809 00054 3085 0.0077  430.5 00100 5469
0.0032  186.6 0.0055 3139 0.0078 4357 00101 5518
pafor 00033 1922 00056 3193 0.0079 4409 00102 5567
e 1.0034 197.9 0.0057 3247 G.0080  446.0 0.0103 5617 -
0.0035  203.5 0.0058  330.1 0.0081 4542 0.0104 5666
00036  209.1 0.0059 3335 0.0082 4563 00105 5715
00037 2147 0.0060 3409 0.0083  461.4 0.0106 5763
0.0038 2203 0.0061 3462 0.0084  466.5 0.0107 5812
0.0039 2259 0.0062 3516 0.0085  471.6 0.0108  586.1

0.0040 2315 0.0063 3569 0.0086 476.7 0.0109 590.9
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Table A.13 {(Continued)
M, M, M, M,

P obd? ? PYVE ? pbd? P bbd’
0.0110 595.7 0.0128 681.0 0.01406 762.8 0.0164 841.2
0.0111 600.0 0.0129 685.0 0.0147 167.2 0.0165 845.4
0.0112 605.4 0.0130 690.3 0.0148 7717 0.0166 8497
00113 6102 00131 6949 00149 776.1 00167  853.9
00114 6150 00132 6995 0.0150  780.5 0.0168  838.1
0.0115 619.8 0.0133 704.1 0.0151 784.9 0.0169 862.3
0.0116 624.5 0.0134 708.6 00152 789.3 0.0170 866.5
0.0117 6293 00135 7132 00153 7937 0.0171  870.7
0.0118 634.1 0.0136 T17.8 0.0154 798.1 0.0172 8749
00119 6388 00137 7223 0.0155 8024 00173  879.1
0.0120 643.5 -0.0138 7269 0.0156 806.8 0.0174 883.2
00121  648.2 00139 7314 00157  8ll.1 00175 8874
0.0122 653.0 0.0140 7359 0.0158 815.4 0.0176 891.5
00123 6577 0.0141 7404 0.0159  819.7 0.0177 8956
0.0124 662.3 0.0142 744.9 0.0160 824.1 0.0178 809.7
0.0125  667.0 00143 7494 0.0161  828.3 00179 9039
00126 6717 00144 7539 0.0162  B32.6 00180  907.9
0.0127  676.3 0.0145 7583 00163 8369 0.0181 9120

Table A.14 Size and Pitch of Spirals, ACI Code—U.3. Customary Units

Diameter of Cut to out of i
column (in.} spiral (in.) 2500 3000 4000 5000
S = 40,000
14,13 11,12 -2 13 -2 113
16 13 ia 3 2 a2
17-19 14-16 2 1 | 2 32
20-23 17-20 L 13 1-24 12
24-30 21-27 i-21 22 24 12
f, = 60,000:
14,15 1,12 i3 | 2 12 23
16-23 13-20 A iz L3
24-29 21-26 =12 3 524 13
30 17 13 83 2| 3




