ENCE 4359 Reinforced Concrete Design sp:SoLuvTioN

EXAM One, Page 1 of 10

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. Design a rectangular section for the beam and loads shown. The beam weight is not included
in the given loads. Use f;' = 4,000 psi and f, = 60,000 psi. Select beam size for the largest
moment (positive or negative) and select the steel required for the maximum positive
moment and for maximum negative moment. Finally, sketch the beam and show

approximate bar locations. Use p = 0.5 py,.
[40 points, 30 minutes]
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2. Answer the following questions as they relate to reinforced concrete. Feel free to use

sketches to accompany your written answers. Your answer must fit in the space provided!
[20 points, 15 minutes]

a. Distinguish between tension controlled and compression controlled beams.
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b. Why are epoxy-coated bars sometimes used in the construction of reinforced
concrete?
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c. Describe a two-way slab and explain the load path.
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d. What are the basic assumptions of the strength design theory?
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3. Sketch and label the reinforcing steel in the walls and the one-way slabs shown below.
Explain what each type of reinforcing does for the structure. [20 points, 15 minutcs]
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4. Find the nominal moment capacity and moment reduction factor ¢ of the beam section

below. [20 points, 15 minutes]
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Table A.7 Values of p Balanced, p to Achieve Various €, Values, and p Minimum for Flexure. All
Values Are for Tensilely Reinforced Rectangular Sections

] 7 3000psi | 4000psi | 5000 psi 6000 psi”
£ B, =085 | B =08 | B,=08 A B =075
p batanced 0.0371 0.0495 0.0582 0.0655
| I
Lp when &, = 0.004 0.0232 0.0310 0.0364 0.0410
Grade 40
40,000 psi p when &, = 0.005 00203 | 00271 00319 0.0359
(275.8 MPa) »
p when g, = 0.0075 0.0155 0.0206 0.0243 0.0273
p nmin for flexure 0.0050 0.0050 0.0053 0.0058
p balanced 0.0275 0.0367 0.0432 0.0486
L .
p when e, = 0.004 ] 0.0186 0.0248 0.0291 (.0328
Grade 50 | A
50,000 psi p when ¢, = 0.005 0.0163 0.0217 0.0255 0.0287
(344.3 MPa)
pwhen g, = 0,0075 0.0124 0.0165 0.0194 0.0219
pmin for flexure 0.0040 0.0040 0.0042 0.0046
p balanced 0.0285 0.0335 0.0377
p when €, = 0.004 0.0155 0.0206 0.0243 0.0273
Grade 60 .
60,000 psi p when €, = 0.005 0.0136 | C0.0181 J" 0.0212 0.0239
(413.7 MPa)
p when e, = 0.0075 0.0103 0.0138 0.0162 0.0182
p min for flexure .0033 0.0033 0.0035 0.0039
p balanced 0.0155 0.0207 0.0243 0.0274
u when €, = 0,004 0.0124 0.0165 0.0194 0.0219
Grade 73
75.000 psi p when €, = 0.005 0.0108 0.0144 0.0170 0.0191
(517.1 MP:
W whene, = 0.0075 | 0.0083 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)
M, M, M, M,
P b P pbd” P b p b
00102 5383 0.0141  578.8 00120 6180 0.0129 6562
00103 5429 00112 5823 00121 6223 0.0130 6609
00104 5474 0.0113 5876 00122 62656 0.0131  664.5
00105 53519 0.0114  592.0 00123 6309 00132 6686
00106 5564 00115  596.4 00124  635.1 00133 6728
0.0107 5609 00116  600.7 00125 6394 00134 6769
0.0108  565.4 00117  605.1 00126 6436 0.0135  681.0
00109 5699 00118  609.4 00127 6473 00136  685.0
00110 5743 00119 6137 00128  652.0
Table A.13 £, = 60,000 PSI; £, = 4000 PSI—U.S. Customary Units
M, M, M, M,

? dbd? P e P b
P 00018 106.3 00041 2371 0.0064  362.2 0.0087  481.8
s 0.0019 12,1 0.0042 2426 00065  367.6 0.0088  486.9
0.0020  117.1 00043 2482 0.0066 3729 0.0089 4919
00021 1237 00044 2537 0.0067 3782 0.0000  497.0
00022 1294 00045 2592 0.0068  383.4 0.0091 5020
0.0023  135.2 00046  264.8 0.0065  388.7 0.0092 5071
00024 1410 0.0047 2703 00070  394.0 0.0093 5121
0.0025 1467 00048 2758 00071 3992 0.0094 517
00026 1524 00049 2812 0.0095 5221
00027  158.1 0.0050 2867 00073 4097 0.0096  527.1
00028  163.8 0.0051  292.2 0.0074 4149 0.0097 5320
00029 1695 0.0052 2976 0.0075  420.1 0.0098 5370
0.0030 1752 0.0053  303.) 00076 4253 0.0099 5420
00031  i80.9 00054  308.5 00077 4305 00100 5469
0.0032 1866 0.0055  313.9 00078 4357 0.0101 5518
P for 00033 1922 00056 3193 0.0079 4409 00102 5567

e 00034 197.9 0.0057 3247 0.0080  446.0 0.0103 5617 -
0.0035 2035 00058  330.1 00081 4512 00104 5666
00036  209.1 00059 3355 0.0082 4563 0.0105 5715
0.0037 2147 0.0060  340.9 0.0083  46i.4 0.0106  576.3
0.0038 2203 00061  346.2 0.0084  466.5 00107  581.2
00039 2259 0.0062 3516 0.0085 4716 0.0108  586.1

0.0040 231.5 0.0063 356.9 0.0086 476.7 0.0109 590.9
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Table A.13 (Continued)

M, M, M, M,

P dbd® £ Bbd p bbd? p b
00110 5957 00128 6810 00146 7628 00164 8412
00111 600.6 00129 6856 00147  767.2 0.0165  B45.4
0.0112 6054 00130 6903 00148 7717 00166  B49.7
00113 6102 00131 6949 00149 7761  (.0167 8539
00114 6150 00132 6995 00150  780.5  0.0168  858.I
00115 6198 00133 7041 00151 7849 00169 8623
00116 6245 00134 7086 00152 7893 00170 8665
00117 6293 00135 7132 00153 7937 00171 8707
00118 6341 00136 7178 0.015% 7981 Q0172 8749
00119 6388 00155 8024 00173  $79.1
00120 6435  .00138 7269 00156 8068 00174 8832
00121 6482 00139 7314 00157  BILI 00175  887.4
00122 6530 00140 7359 00158 8154 00176 8915 °
00123 6577 0014l 7404 00159 8197 00177 8956
0.0124 6623 00142 7449 00160 8240 00178 8997

0.0125 6670 00143 00161 8283 00179 9039
0.0126 6717 00144 7539 0.0162 8326 0.0180 9079
00127 6763 00145 7583 0.0163 8369 0.0181 9120

Table A.14 Size and Pitch ol Spirals, AC1 Code—U.S. Customary Unils

]

Diameter of Out to out of di
column (in.) spiral (in.) 2500 3000 4000 5000
f, = 40,000
14, 15 11,12 22 13 124 L2
16 13 -2 15 | 2
17-19 14-16 321 13 i 2
20-23 17-20 32 13 P 2
24-30 2127 224 ) 324 )
£, = 60,000
14, 15 11,12 L2 -23 22 3-23
16-23 13-20 13 2 92 =2 3
24-29 21-26 [k, -3 2 2 13
30 17 13 | 33 2 o 334




