PRACTICE EXAM 20: PE CIVIL STRUCTURAL SIMULATION (100
QUESTIONS)

This practice exam contains 100 questions simulating the NCEES PE Civil — Structural CBT examination. You
have 9 hours.

1. Per ASCE 7-16 Section 4.5.3, vehicle collision forces on structures must be considered when barriers
are not provided to prevent vehicular access. The nominal vehicle impact load used for the structural
design of posts, railings, or elements that could be struck by a vehicle is:

A. 10 kips — the nominal impact force for highway bridge guardrails and traffic barriers per AASHTO
specifications

B. 6,000 Ib (6 kips) — the nominal vehicle impact force for structural members near vehicle access per
ASCE 7-16 Section 4.5.3

C. 20 kips — the impact load for unprotected columns directly adjacent to high-speed roadways or parking
structures

D. 2,000 Ib — the nominal impact force for pedestrian guard rails and light barrier posts at walkways

2. Per ASCE 7-16 Section 8.3, roof rain surcharge load R due to blocked drainage is computed from
R=5.2(ds+dh) where ds is the depth of water on the undeflected roof at the secondary drainage inlet rim
(in inches) and dh is the hydraulic head of water at flow equal to the design rainfall. For a building with
ds=2in and dh=1.5in:

A. R =5.2xds = 5.2x2 = 10.4 psf — using only the primary ponding depth ds

B. R =5.2xdh = 5.2x1.5 = 7.8 psf — using only the hydraulic head dh

C. R = 1.5%x(ds+dh) = 1.5x3.5 = 5.25 psf — using a non-standard coefficient

D. R =5.2x(ds+dh) = 5.2x3.5 = 18.2 psf — the ASCE 7-16 rain surcharge formula

3. Per ASCE 7-16 Table 26.11-1, the velocity pressure exposure coefficient Kz for a building located in
Exposure Category B at a mean roof height of 30 ft is:

A. Kz = 0.70 — the Exposure B tabulated value at 30 ft per ASCE 7-16 Table 26.11-1

B. Kz = 0.85 — the Exposure C value at 30 ft (open terrain)

C. Kz =1.00 — for Exposure D at higher reference elevation

D. Kz = 0.57 — for Exposure B at 15 ft height (lower elevation)

4. Per ASCE 7-16 Section 12.8.2, the approximate fundamental period Ta for a steel moment frame
building (8 stories, hn=104 ft) is:

A. Ta =0.028x104"0.8 = 1.23 s — from Table 12.8-2 with Ct=0.028, x=0.8 for steel MF

B. Ta =0.1xN = 0.1x8 = 0.80 s — the simplified story-count estimate

C. Ta=hn/100 = 1.04 s — a simplified formula used in some European codes

D. Ta=0.016x104"0.90 = 1.08 s — using Ct for other structural systems

5. Per ASCE 7-16 Section 12.11.1, the seismic force requirement for connections of structural walls to

diaphragms (out-of-plane seismic force on a wall) requires that the connection be designed to resist a
lateral force Fp equal to:

A. Fp = 0.2xSDSxWwall — 20% of SDS times the wall tributary weight, per Section 12.11.1
B. Fp = 0.133xSDSxWwall — for Risk Category | structures only



C. Fp = 0.5xSDSxWwall — for unreinforced masonry walls in SDC D
D. Fp = 0.10xSDSxWwall — the minimum for out-of-plane anchorage of ordinary walls

6. Per ASCE 7-16 Section 26.11, the velocity pressure at the roof height of a building is
g=0.00256xKzxKztxKdxV2 (psf) where V is the basic wind speed. For V=115 mph, Kz=0.85, Kzt=1.0,
Kd=0.85:

A. gh = 0.00256x0.85x1.0x0.85x1152 = 24.4 psf — applying Kz, Kzt, Kd all correctly

B. gh = 0.00256x1.0x1.0x1.0x1152 = 33.8 psf — omitting all three reduction factors

C. gh =0.00256x%0.70x1.0x0.85x1152 = 20.1 psf — using Kz=0.70 for 15-ft height

D. gh = 0.00256x1.0x1.0x0.85x1152 = 28.7 psf — omitting Kz (exposure effect)

7. Per ASCE 7-16 Section 4.7, live load reduction is not permitted for which of the following floor areas:
A. Office floors supporting a tributary area AT > 400 ft2 with multiple occupancies
B. Roof parking and vehicle storage garages with design live loads exceeding 100 psf
C. Corridors of high-rise buildings where occupant density is low and exits are remote

D. Assembly areas, one-way slabs, and live loads exceeding 100 psf — ASCE 7-16 Section 4.7.3 prohibits
reduction for assembly occupancies, live loads > 100 psf, and one-way slab tributary areas

8. Per ASCE 7-16 Section 12.3.1, a diaphragm is classified as RIGID when the maximum in-plane
diaphragm deflection is:
A. Maximum in-plane deflection < 0.5x average story drift — a very strict rigidity criterion
B. Maximum deflection < average story drift — a 1:1 limit on diaphragm vs story drift
C. Maximum deflection < 2x average story drift — the ASCE 7-16 Section 12.3.1.2 rigid diaphragm criterion
D. Deflection < 0.002 x diaphragm span — an absolute limit independent of story drift

9. Per ASCE 7-16 Section 7.4.4, the balanced snow load on a sloped roof is reduced from the flat-roof
value pf=CexCtxIsxpg by the slope factor Cs. For a warm roof (Ct=1.0) with slope=45° (Cs=0.0 for angle
> 40° per Section 7.4.1):

A. ps = 0.5xpf — a 50% reduction applied to all roofs sloped more than 30° under the flat-roof snow
calculation

B. ps = 0.25xpf — a 75% reduction for steep slopes used in Northern European snow design codes

C. ps = 0 — only for roofs sloped at more than 70° from horizontal, not 45°, per ASCE 7-16 Section 7.4
D. ps = Csxpf = 0 — for a warm roof at 45°, ASCE 7-16 Table 7.4-1 gives Cs=0 since slope exceeds 40°

10. Per ASCE 7-16 Section 4.3.1 and Table 4.3-1, the minimum live load for EXIT PASSAGEWAYS,
stairways, and fire escapes in office buildings (above the first floor) is:
A. 40 psf — for general residential, office, and light commercial occupancy floor areas and corridors
B. 100 psf — exit passageways, fire escapes, and stairways in office buildings per ASCE 7-16 Table 4.3-1
C. 60 psf — for institutional corridors above the first floor level in healthcare and other high-occupancy
buildings
D. 80 psf — for lobbies, public rooms, first-floor corridors, and other high-foot-traffic public entry areas

11. Per ASCE 7-16 Section 12.12.1, P-delta effects may be neglected when the stability coefficient 6 is:

A. 8> 0.10 — always significant when above 0.10, P-delta must always be included
B. 8 < 0.05 — a conservative early threshold for neglecting P-delta
C. 6<0.10 — the ASCE 7-16 Section 12.8.7 threshold below which P-delta may be neglected



D. 6 < 0.08 — for regular structures with natural period T < 0.5 s only

12. Per ASCE 7-16 Table 1.5-2, the Importance Factor le for a Risk Category Il structure is:

A. le = 1.50 — for essential facilities and high-occupancy structures

B. le = 1.25 — for Risk Category Il (substantial hazard to human life)

C. le = 1.00 — for standard Risk Category Il buildings (normal occupancy)
D. le = 1.10 — a slight elevation for moderate-hazard occupancies

13. Per ASCE 7-16 Section 12.10.1.1, the minimum design force for collector elements (drag struts) in
any structural system — even when the overstrength factor is not required — shall not be less than:

A. 0.2xSDSxWp — the minimum collector force before overstrength amplification

B. The story shear divided by the number of collectors at that level

C. 0.5xSDSxw for individual walls or frames — a minimum floor-level requirement

D. The force derived from the seismic analysis without any minimum — the code imposes no absolute floor

14. Per ASCE 7-16 Section 27.3.1 (Directional Procedure, MWFRS), the minimum net pressure on any
wall surface of alow-rise or tall building MWFRS system (sum of windward and leeward pressures
combined) must not be less than:

A. 5 psf — the absolute minimum on any wall panel

B. 16 psf — for buildings in Exposure C at 30 ft

C. 10 psf — the default for buildings less than 60 ft tall

D. 10 psf net horizontal pressure for MWFRS wall systems and 16 psf for individual C&C elements —
ASCE 7-16 minimum pressure provisions

15. Per ASCE 7-16 Section 12.5.3 (Direction of Loading), for seismic design of structures in SDC D, E, or
F with horizontal structural irregularities, the design must account for the worst-case effect of seismic
forces applied in:

A. The building's two principal axes independently — using 100% in one direction at a time

B. Each principal direction at 100% simultaneously — both axes loaded to full design level at the same time

C. One principal direction at 100% and 30% simultaneously in the orthogonal direction — the orthogonal
combination method for irregular structures in SDC D, E, F

D. Any arbitrary direction — a full directional scan is required for all irregular structures

16. Per ASCE 7-16 Section 12.8.4.3, the accidental torsion amplification factor Ax is required when the
maximum floor displacement exceeds 1.2x the average displacement. For dmax=1.80 in and davg=1.10
in:

A. Ax = 1.0 — amplification not required since dmax < 1.2xdavgx1.4

B. Ax = dmax/davg = 1.80/1.10 = 1.64 — without the 1.2xdavg normalization

C. Ax = (dmax/davg)? = (1.80/1.10)2 = 2.68 — squaring without the 1.2 factor

D. Ax = (dmax/(1.2xdavg))? = (1.80/1.32)2 = 1.86 — the required accidental torsion amplification

17. Per ASCE 7-16 Section 12.4.2.1, the seismic load effect including vertical seismic component for
strength design is E = Eh + Ev where Ev=0.2xSDSxD. For a concrete column in SDC D with SDS=1.2¢g
and dead load D=200 kips, the amplified dead load in the gravity+seismic uplift combination is:
A.D_amp = (1.0 - 0.2xSDS)xD = (1.0 - 0.24)x200 = 152 kips — the reduced dead load for uplift
B. D_amp = (1.2 + 0.2xSDS)xD = (1.2 + 0.24)x200 = 288 kips — for the compression case



C. D_amp = 0.9xD = 0.9x200 = 180 kips — the load factor in the dead-load-dominated combination

D. D_amp = (0.9 - 0.2xSDS)xD = (0.9 — 0.24)x200 = 132 kips — the net dead load in the uplift combination
for the seismic load effect

18. For a cantilever beam (fixed at A, free at B, span L=8 ft=96 in, EI=29,000x300=8,700,000 kip-in2)
under a concentrated load P=20 kips at the free end, the deflection at the free end B is:
A. d = PL3/(8EI) = 20x884,736/(8%8,700,000) = 0.254 in — for UDL on cantilever
B. & = PL3/(3EI) = 20%(96)3/(3x8,700,000) = 0.678 in — the standard cantilever tip deflection formula
C. 5 = PL3/(48El) = 0.0424 in — for a simply supported beam under central load
D. & = PL%(2EIl) = 20x9216/(2x8,700,000) = 0.011 in — slope formula not deflection

19. For a fixed-end beam (both ends fixed, span L, El constant) under a mid-span concentrated load P,
the fixed-end moments at each end (A and B) are:

A. MFAB = +PL/8 (sagging) at end A and negative at B — a sign convention for opposite moments

B. MFAB = PL/12 — the fixed-end moment for loads at the third point of the span

C. MFAB = -PL/8 (hogging) — only one end shown, missing the equal moment at B

D. MFAB = PL/8 at both ends — equal hogging fixed-end moments at A and B for central load

20. For a propped cantilever (fixed at A, roller at B, L=20 ft, El constant), loaded with a
triangularly-distributed load (0 at A, w=3 kip/ft at B), the maximum POSITIVE bending moment occurs
between the roller and the fixed end. Using the three-moment equation or force method, the roller
reaction RB is:

A. RB = 3wL/20 = 3x3x20/20 = 9.0 kips — for parabolic load

B. RB = wL/10 = 6 kips — simplified triangular load result

C. RB = wL/10 = 3x20/10 = 6 kips — from compatibility for a triangular load on a propped cantilever

D. RB = 2wL/5 = 24 kips — the fixed-end reaction formula

21. For atwo-hinge arch (parabolic, rise f, span L) under a single concentrated load P at the crown, the
horizontal thrust H is:

A. H = PL/(4f) — from moment at crown: VAXL/2 = Hxf - (P/2)xL/2 = Hxf - H = PL/(4f)

B. H = PL/(8f) — incorrectly using L/4 rather than L/2 in the crown moment equation

C. H = wL?%/(8f) — the correct formula for uniformly distributed load, not a point load at crown

D. H = P/2 — the vertical reaction at each support, not the horizontal thrust

22. For the slope-deflection method applied to a fixed-far-end beam member (the far end is fixed — no
rotation), the modified stiffness coefficient used in moment distribution is:

A. k = 3EI/L — the modified stiffness coefficient for a beam with a PINNED far end

B. k = 2El/L — for a guided far end (rotation is fixed but translation is free)

C. k = 4El/L — for a member where the far end is fixed against rotation (standard prismatic stiffness)

D. k = 6EI/L — an incorrect stiffness term sometimes confused with the off-diagonal stiffness

23. For a 3-story shear building with story stiffnesses km=km=km=k and equal story masses
mm=mm=mm=m, the fundamental angular frequency wm satisfies:

A. wm2 = 2k/m — an approximate value for a 2-story shear building with equal k and m

B. wm2 = k/m — the exact result for a single-story shear building only

C. wm2=0.268xk/m — computed from the exact characteristic equation for 3 equal stories



D. wm2 = 3k/m — the sum of all story stiffnesses, not the first-mode frequency

24. For a simply supported beam (span L) with a concentrated load P moving from the left to the right,
the position of P that causes the MAXIMUM BENDING MOMENT at a section x=L/4 from the left support
is:

A. P at x = L/2 — the midspan position gives maximum moment only for the midspan section

B. P at x = 3L/4 — equal distance from the right support produces moment at a different section

C. P at x = L/3 — for maximum moment at the third-point section, not the quarter-point

D. P at x = L/4 — directly over the section; the IL for moment peaks when the load is at the section

25. For a single-degree-of-freedom structure with a mass W=200 kips (weight, not mass) and a lateral
story stiffness k=500 kip/in, the natural period T is:

A. T = 2V(W/K) = 21V(200/500) = 3.97 s — forgetting to divide W by g

B. T = 2mv(W/(gxk)) = 0.202 s — using W=200 kips, g=386.4 in/s2, k=500 kip/in

C. T = 2mv/(k/Wxg) = 21vV(500/(200%386.4)) = 0.16 s — inverted mass-stiffness ratio

D. T = V(k/m)/(2m) = V(500x386.4/200)/(2m) = 4.95/6.28 = 0.79 s — inverted period formula

26. For a symmetric portal frame (two columns of equal height h and equal El, connected by arigid
beam of span L with EI_beam>>EI_col) under a horizontal load H at the beam level, the moment at the
BASE of each column is:

A. M_base = Hxh — the full horizontal load times column height

B. M_base = Hxh/2 — half the load times column height (each column takes H/2 shear)

C. M_base = Hxh/4 — for pinned base conditions only

D. M_base = Hxh/2 per column — each fixed-base column carries story shear H/2 through its height,
producing a base moment of (H/2)xh

27. The principle of virtual work states that for a deformable body in equilibrium, the work done by
external virtual loads through real displacements equals the internal virtual work done by real stresses
through virtual strains. This principle is valid for:

A. Linear elastic materials only — plastic strains violate the kinematic framework

B. Statically determinate structures only — compatibility equations are needed for indeterminate cases

C. Any deformable body in equilibrium — the virtual work principle makes no material assumptions

D. Symmetric structures with proportionally applied loads — asymmetric loading invalidates the derivation

28. For the direct stiffness assembly of a 2D frame structure, the number of non-zero terms in the global
stiffness matrix [K] is generally:

A. Proportional to the total number of DOFs N — equal to N for a chain-linked truss
B. Proportional to N2 — a full dense matrix with no zeroes

C. Equal to Nx(bandwidth) — where bandwidth reflects the maximum difference in node numbers for
connected elements; a banded sparse matrix

D. Equal to the number of members times 12 — each 3D frame element contributes 12x12=144 terms
29. For atwo-span continuous beam (equal spans L, El constant) with ONE end pinned (at A) and the
OTHER end fixed (at C), under a UDL w on the LEFT span only, the moment at the interior support B is:

A. -5wL?/48 — from the three-moment equation with pinned end at A and fixed end at C
B. -wL?/8 — for the case where both ends are pinned (fully propped case)



C. -wL%/10 — from a single-span propped cantilever modification
D. -wL?/16 — for two-span with full UDL on both spans and equal spans

30. For athree-hinged arch (two pin bases, one crown hinge, parabolic, span L=60 ft, rise f=12 ft) under
a full-span UDL w=2 kip/ft, the arch carries the load in PURE COMPRESSION (no bending) because:

A. The parabolic shape under UDL coincides with the funicular polygon of the loading — the pressure line
and the arch axis are identical, so no bending occurs

B. All three-hinged arches carry no bending regardless of loading pattern

C. The crown hinge eliminates all bending from crossing that section

D. Arches carry no bending for any load, by definition of arch action

31. For a frame with concentrated loads on column members only (no beam loads), the lateral shear
distribution to the columns by the portal method assumes:

A. Each interior column carries twice the shear of each exterior column, and the sum of all column shears
equals the total story shear

B. All columns carry equal shear regardless of position — a uniform distribution

C. The exterior columns carry twice the interior column shear — the inverse of option A

D. Shear is distributed proportionally to column stiffness — the portal method is a stiffness-based analysis

32. For Castigliano's Second Theorem applied to a curved beam (ring) under diametrically opposite
forces P, the displacement of one force point in the direction of P equals dU/0P where U=total strain
energy. For a thin ring of radius R, El constant, the diametral elongation under P is:

A. 0 = PR3/(2EI) — for bending only, ignoring axial and shear effects

B. & = PR3(1W2-1)/El — the exact closed-form result for a thin ring under diametral loading

C. 0 = PR3x(1/2-2/m)/El — the standard result for the diametral elongation of a thin ring

D. d = PR3/(2El) — missing the mtfactor from the angular integration

33. For the plastic analysis of a fixed-fixed-end beam (fixed at both A and B, span L) under a distributed
load w, the collapse mechanism requires THREE plastic hinges to form (both fixed ends and one
interior hinge). The plastic collapse load is:

A. wc = 8Mp/L2 — collapse requires only two plastic hinges for a fixed-fixed beam

B. wc = 16Mp/L2 — three hinges at ends and midspan; work equation gives wcxL2/16=Mp

C. wc = 12Mp/L2 — from an approximate lower bound without full mechanism formation

D. wc = 11.66Mp/L2 — from an asymmetric mechanism with hinge off center

34. In the stiffness method for a 2D frame, when a beam element has a distributed load (not at a node),
the fixed-end reactions are first computed in the restrained structure, then:

A. Added directly to the global load vector with a negative sign — the equivalent nodal loads are the
negative of the fixed-end reactions, ensuring equilibrium

B. Subtracted from the distributed load to get the net nodal load

C. Ignored — the stiffness method only uses concentrated nodal loads; distributed loads are excluded
D. Applied as additional stiffness terms to the member stiffness matrix

35. For a braced frame (columns with K=1.0 for in-plane buckling), the effective length factor K for a
column in the STRONG AXIS direction when both the top and bottom beam connections provide
significant rotational restraint (GA=1.5 at top, GB=1.0 at bottom per the alignment chart) is



approximately:

A. K =0.75 — for columns with rotational restraint at both ends in a braced frame
B. K = 0.85 — from the alignment chart for GA=1.5, GB=1.0 in a braced frame

C. K=1.0— K=1.0is the upper limit for braced frames with any end condition

D. K = 0.70 — the absolute minimum for a fixed-fixed braced column

36. Per AISC 360-16 Appendix 8, the second-order amplification factor B2 accounts for P-A effects
(story drift amplification) in a story. For a story with 2Pu=2,000 kips, story shear ZH=50 kips, story
height L=12 ft, and inter-story drift A_H=0.50 in:

A. B2 = 1/(1-ZPuxA_H/(ZHxL)) = 1/(1-2000x0.50/(50x144)) = 1/(1-0.139) = 1.16

B. B2 = 1.05 — for a typical multi-story frame at moderate lateral load

C. B2 = 1.25 — the AISC Appendix 8 maximum before more rigorous analysis is required

D. B2 = 1/(1-ZPuxA_H/(ZHxL)) = 1/(1-0.139) = 1.161 — the second-order P-A amplification for the story

37. For a continuous beam analyzed by moment distribution, the distribution factor at an interior joint
where two unequal-stiffness beams (km=4Eim/Lm and km=4EIm/Lm) meet is:

A. DFm = km/(km +km) — the fraction of unbalanced moment distributed to member 1

B. DFm = Lm/(Lm+Lm) — using only lengths for distribution

C. DFm = Elm/Elm — using only relative stiffness

D. DFm = km/(km+km) = (4EIm/Lm)/((4EIm/Lm)+(4EIm/Lm)) — the standard moment distribution factor
proportional to relative stiffness

38. For a 3D space frame, the number of equilibrium equations available at each FREE internal node (no
applied moment releases or restraints) is:

A. 3 equations — for three force equilibrium (ZFx, ZFy, ZFz=0)

B. 4 equations — three forces plus one torsional moment

C. 6 equations — three force equilibria (ZFx, ZFy, 2Fz) and three moment equilibria (ZMx, =My, Mz=0) per
internal 3D joint

D. 2 equations — only horizontal force and vertical force in a 3D frame

39. For a frame structure analyzed by the force method (method of consistent deformations) with
degree of indeterminacy n=3, the compatibility equations form a set of:

A. nxn=3x3 matrix — the flexibility method uses one equation per redundant force

B. n+1=4 equations — adding one overall equilibrium to the compatibility set

C. n=3 scalar equations only — compatibility cannot be formulated as a matrix system

D. 2n=6 equations — the double count accounts for both force and displacement compatibility

40. For the computation of principal stresses in a beam web at the junction of afillet and the web (a
point with both bending stress fb and shear stress fv), the maximum principal stress is:

A. om =1fb/2 + V((fb/2)2 + fv2) — the maximum principal stress from Mohr's circle

B. om =fb — bending stress always controls for hot-rolled sections

C. om =(fb2 + fv2) — incorrect combination rule

D. om = fv — shear governs at the web-flange junction

41. The concept of effective width for composite beams and deck systems per AISC 360-16 Section
I3.1a limits the width of slab participating in composite action. The effective slab width on each side of



the beam centerline is the MINIMUM of:
A. beam span/8, slab panel centerline-to-beam, and distance to slab edge — the three AISC criteria for
each side of the beam
B. Beam span/4 and the distance to slab edge on each side
C. Total deck width/number of beams
D. Beam span/6 and slab thickness/depth ratio

42. For a cantilever retaining wall under active earth pressure (y=120 pcf, ¢=30°, Ka=1/3), the resultant
horizontal earth pressure force per foot of wall for a 10-ft stem is:
A. Pa = KaxyxH = (1/3)x0.120x10 = 0.40 kips/ft — missing the H/2 factor
B. Pa = KaxyxH2/2 = 2.0 kips/ft — from the Rankine active pressure formula with triangular distribution
C. Pa =yxH%2 = 0.120%x100/2 = 6.0 kips/ft — forgetting to multiply by Ka
D. Pa = yxH = 0.120x10 = 1.2 kips/ft — using full unit weight with linear (not triangular) distribution

43. Per ACI 347R-14, the maximum concrete pour rate R (ft/hr) determines the lateral pressure on
formwork. For a wall form (ACI Method 1, Class 1 mix — normal weight concrete, no admixtures, slump
<4in, pour rate R=6 ft/hr, temperature T=70°F), the design lateral pressure on the wall form is:

A. p = CWxCCx(150 + 9000R/T) = 1.0x1.0%(150 + 9000%6/70) = 921 psf — but limited to a maximum of
yxH for the full hydrostatic case

B. p = CWxCCx(150+9000x6/70) = 921 psf — but not to exceed wcxh = 150xh psf nor 2000 psf

C. p = yxH — full hydrostatic for R > 7 ft/hr

D. p = CWxCCx(150+9000R/T) = 1.0x1.0x(150+770) = 921 psf — the ACI formula lateral pressure for R=6
ft/hr; also check minimum 150 psf and maximum yxH

44. Per OSHA 29 CFR 1926.451 (Scaffolding), the minimum width of a working platform (scaffold plank)
must be at least:

A. 14 in — for light-duty scaffolding up to 25 Ibs/ft2 design load

B. 18 in — the minimum plank width for all scaffolding types

C. 24 in — for all full-plank work platforms per OSHA 1926.451(b)(2)

D. 18 in — for scaffold platforms that fully planked or decked platforms on tubular welded frame scaffolds
per OSHA 1926.451(b)(2)

45. Per ACI 347R-14 Section 5.3 and engineering practice, beam-side form panels (the vertical forms on
the sides of concrete beams) are designed for:
A. At the beam soffit only — lateral pressure is negligible on the underside of beam forms

B. A reduced lateral pressure based on beam depth H — following the ACI wall form formula with h=beam
depth

C. Only the dead weight of the form and wet concrete — no lateral pressure acts on beam sides
D. A standard 100-psf minimum — a default pressure used for all beam-side forms regardless of depth

46. Per OSHA 29 CFR 1926.602 and construction practice, concrete pump lines (hose boom or pipeline)
impose live loads on formwork from pump pulsation and line weight. The standard minimum load to
consider for concrete pump lines routed across roof forms is:

A. 50 psf — added to construction live load
B. 250 Ib/ft — a point load for the pump line weight plus pulsation



C. The actual weight of the pump line full of concrete plus a dynamic pulsation factor of 1.25 — the pipeline
dead weight governs, not a code-tabulated psf

D. No special consideration — pump lines are treated the same as the standard 50-psf construction live
load

47. Per ACI 347R-14 Section 5.5 and good practice, the purpose of cambering beam forms is to:
A. Increase the bearing area of form shores at the beam soffit

B. Pre-compensate for the expected elastic deflection of the form system under wet concrete weight so the
finished beam has no negative camber and maintains the design grade or level soffit

C. Provide a drainage slope to remove excess mix water during consolidation
D. Stiffen the form against lateral movement from vibration during concrete placement

48. Per ACI 347R-14 and OSHA 29 CFR 1926, the minimum time before vertical shores and formwork for
a floor slab may be removed is governed by:

A. A fixed 14-day minimum — no concrete work may be stripped regardless of f'c achieved

B. When concrete reaches 7 days age — the standard industry minimum for most slab formwork

C. When concrete reaches 70% of f'c at the critical section — a strength-based strip criterion

D. When in-place strength is sufficient for construction loads at the critical section — the ACI 347R criterion

49. Per ACI 347R-14 Section 2.5, the tolerance for horizontal alignment of wall forms (deviation from the
intended plumb face position of the concrete surface) for standard formed surfaces (SF1) is:

A. +£3/8inin 10 ft and +3/4 in in 20 ft

B.£1/2inin 10 ft and 1 in total in any bay or 20 ft

C.+1/4inin 10 ft and +3/8 in total — very tight tolerance for architectural concrete
D. +1/4inin 5 ft and £1/2 in in 20 ft — for high-quality formed surfaces

50. Per ASTM A500 Grade B (cold-formed welded and seamless rectangular or round hollow structural
sections), the minimum yield strength Fy for ROUND HSS is:
A. 42 ksi — for round A500 Grade B HSS

B. 46 ksi — for round A500 Grade B HSS per ASTM A500 Table 2 — the minimum specified for mechanical
properties of Grade B round sections

C. 36 ksi — for Grade A, the lower-strength option
D. 50 ksi — for A500 Grade C round HSS

51. Per ASTM C618, Class C fly ash (from sub-bituminous coal) differs from Class F fly ash (from
bituminous coal) primarily in that Class C fly ash:

A. Has less calcium oxide (CaO) — typically less than 10% CaO in Class C versus more than 20% in Class
F

B. Contains significant lime (CaO) content (typically >20%) that gives Class C self-cementing properties —
Class C fly ash can hydrate and set without Portland cement
C. Has higher SiOm +Alm Om +Fem Om combined — Class C meets only 50% vs 70% for Class F

D. Is produced at lower temperatures — sub-bituminous coal combustion produces finer particles with
lower reactivity

52. Per ACI 318-14 and ASTM A706 (low-alloy deformed bars), A706 reinforcing bars are specified over
A615 Grade 60 in seismic applications primarily because:



A. A706 has higher yield strength — the minimum Fy=60 ksi vs A615's 60 ksi (same)
B. A706 has lower carbon content — making it easier to weld rebar couplers without preheat

C. A706 has a controlled yield-to-tensile ratio and upper yield strength limit — the Fy/Fu < 0.80 (80%
maximum ratio) and Fy actual < 78 ksi upper cap ensure predictable ductility, controlled overstrength, and
reliable plastic rotation capacity in SMF and SMFW systems

D. A706 costs less than A615 — economy drives the specification for seismic detailing

53. Per ASTM D4318 and geotechnical practice, the plasticity index (PI) of a fine-grained soil is defined
as:

A. Pl = Liquid Limit — Plastic Limit — the difference in water contents at the two Atterberg limits

B. Pl = Liquid Limit — Shrinkage Limit — the range over which the soil is plastic

C. Pl = (LL + PL)/2 — the average of the two limits

D. PI = Plastic Limit — Shrinkage Limit — the dry portion of the range

54. Per ASTM A588 (ASTM A242 similar), weathering steel (Cor-Ten type) provides corrosion resistance
through:
A. A factory-applied galvanized zinc coating that sacrificially protects the base steel
B. A painted epoxy primer applied at the mill that must be overcoated in the field
C. Weathering steel contains no special alloys — corrosion resistance comes from a thick hot-dip
galvanizing

D. Chromium, copper, phosphorus, and silicon alloying additions that form a stable protective surface
patina

55. Per NDS 2018, the adjustment factor for fire-retardant treated (FRT) lumber for temperature loading
uses reduced tabulated design values because:
A. FRT treatment permanently increases moisture content — wet service factors always apply

B. FRT chemicals reduce Fb and E; extent depends on treatment and temperature; providers publish
adjustment factors

C. FRT lumber is prohibited in structural members — only non-structural applications are permitted by code
D. FRT increases E-modulus but reduces Fb — the stiffness improvement offsets the strength loss

56. Per ASTM D2487 (USCS), a soil sample with the following properties: more than 50% fines (passing
#200 sieve), Liquid Limit = 38, and Plasticity Index = 12 falls BELOW the A-line on the Casagrande
plasticity chart (where Pl = 0.73(LL-20)=13.1). This soil classifies as:

A. CH — a high-plasticity clay with LL > 50

B. ML — a silt of low plasticity (below the A-line and LL < 50) — fine-grained soil, below A-line, LL <50

C. CL — a clay of low plasticity (above the A-line and LL < 50)

D. MH — a silt of high plasticity (LL > 50, below A-line)

57. Per NDS 2018 Table 11P, split-ring timber connectors provide higher load capacity than bolts of
equivalent size because:

A. Split rings increase the effective bearing area significantly — the ring distributes the load over a much
larger wood area than a bolt hole, reducing bearing stress concentrations at the connector

B. Split rings provide a mechanical interlock that prevents withdrawal — bolts can pull out but split rings
cannot



C. Split rings are used in combination with glulam only — the higher capacity comes from glulam's superior
wood quality

D. Split rings are installed using a specialized press that prestresses the wood fibers in compression
around the ring

58. Per ACI 318-14 Section 19.3.3, for concrete with a specified compressive strength f'c=6,000 psi
exposed to deicing chemicals (Exposure Class F3 — very severe freezing/thawing), the maximum
water-to-cementitious materials ratio is:

A. w/cm < 0.45 — for moderate freeze-thaw (F2)

B. w/cm < 0.50 — a general durability requirement

C. w/cm < 0.40 — the most stringent limit for very severe exposure per ACI 318-14 Table 19.3.3.1

D. w/cm < 0.35 — for high-strength concrete above 8,000 psi

59. Per TMS 402-16 Section 1.8.2, the compressive strength of masonry f'm specified for design must be
verified by either prism testing or the unit strength method. The unit strength method uses the
specified compressive strength of the masonry unit and the mortar type to determine f'm from:

A. A direct calculation: fm = 0.75 x masonry unit strength — applying a 25% reduction for mortar

B. ASTM C140 unit compressive strength equals f'm directly with no reduction

C. TMS 402-16 Table 1 — tabulated 'm as function of unit strength and mortar type M, S, or N

D. 1,500 psi minimum — a code floor that applies regardless of unit strength or mortar type

60. Per ASTM A572 Grade 50 and structural steel practice, when welding A572 Grade 50 to A36 plate
(for amoment connection using E70XX electrodes), the critical consideration for selecting preheat
temperature per AWS D1.1is:

A. The A36 plate thickness only — A36 has the lower carbon equivalent

B. The A572 plate thickness only — A572 is higher strength and more sensitive to hydrogen cracking

C. The higher carbon equivalent (CE) of the two base metals is used to determine the required preheat —
for dissimilar material welds, the more restrictive (higher CE) plate governs the preheat requirement

D. No preheat is required — E70XX electrodes are approved for all A36 and A572 combinations without
preheat

61. Per ACI 318-14 Section 25.5.2, the minimum COMPRESSION lap splice length for Grade 60 bars
(fy=60 ksi) in a column with f'c=4,000 psi and standard column confinement ties is:

A. Lsc = 0.0005xfyxdb = 0.0005x60,000xdb = 30db — for fy < 60,000 psi

B. Lsc = 1.25xId_compression — where Id_comp = 0.02xfyxdb/Vf'c

C. Lsc = 0.0005xfyxdb = 30db — the NDS specification rather than ACI

D. Lsc = 16 in absolute minimum — no formula is needed for small bars in compression

62. Per ASTM A1085 (hollow structural sections — precision tolerances), the specified minimum yield
strength for A1085 HSS is:
A. 42 ksi — the same as older A500 Grade A specifications

B. 50 ksi — for both round and rectangular HSS per ASTM A1085, the current preferred specification for
structural HSS providing improved dimensional tolerances and material quality

C. 46 ksi — for A500 Grade B round HSS
D. 60 ksi — A1085 is a high-strength specification matching Grade 60 rebar



63. Per NDS 2018 Table 4.3.4, the incising adjustment factor Ci for sawn lumber (to allow better
preservative penetration) reduces the bending (Fb) and compression (Fc) design values by:

A. Ci_Fb =0.80 and Ci_Fc = 0.80 — for species requiring deep incising

B.Ci_Fb=1.0and Ci_Fc = 1.0 — incising has no effect on design values per NDS

C. Ci_Fb=0.90 and Ci_Fc =0.80

D. Ci_Fb =0.85and Ci_Fc = 0.91 — the NDS Table 4.3.4 adjustment factors for incised sawn lumber

64. Per ACI 318-14 Section 24.2 (Deflection Control), the additional long-term deflection due to creep
and shrinkage for a simply supported beam (p'=0, sustained load duration > 5 years) is computed using
the multiplier A_A = &/(1+50p") where £=2.0. The total deflection multiplier applied to the initial
live-load-only deflection is:

A. A_A=2.0for p'=0 — same as D but without the formula derivation

B. A_A = 1.5 — for beams with partial compression reinforcement reducing long-term creep

C.A_A=1.0— creep is automatically included in the cracked section modular ratio n

D. A_A=¢&/(1+50p") = 2.0/(1+0) = 2.0 — for p'=0 and sustained load >5 years

65. Per AISC 360-16 Chapter | (Composite Members), for a composite column consisting of a W14x82
steel section encased in a 16-in x 16-in concrete column (f'c=5 ksi, fy=50 ksi, As_rebar=4 #8 bars), the
effective stiffness Eleff for column buckling is:

A. Eleff = Esxls — only the steel section contributes to stiffness

B. Eleff = EsxIs + Ecxlc — no reduction factors for composite columns

C. Eleff = EsxlIs + 0.5%EcxIc + Esxlsr — the AISC 360-16 Section 12.2b formula

D. Eleff = EsxIs + 0.5xEcxIc + Esxlsr — per AISC 360-16 12.2b, with factors 0.5 on concrete and 1.0 on
rebars and steel section

66. Per ACI 318-14 Section 9.6.1.2, the minimum flexural tension reinforcement for a non-prestressed
beam must satisfy As_min = max(0.25Vf'cxbwxd/fy, 3bwxd/fy) (where f'c and fy are in psi). For a
rectangular section bw=14 in, d=22 in, f'c=4,000 psi, fy=60,000 psi:

A. As_min = max(0.25vf'c/fy, 3/fy)xbwxd = max(0.000264, 0.00005)x14x22 = 0.081 in2 — per ACI 318-14

B. As_min = 200/fyxbwxd = 200/60,000x14x22 = 1.03 in2 — the old pre-2002 ACI formula

C. As_min = 1.33x As_required — an alternate minimum for overreinforced sections

D. As_min = 0.0018xbwxd = 0.0018x14x22 = 0.554 in2 — the temperature and shrinkage minimum

67. Per ACI 318-14 Section 25.5.1, for a Class A tension lap splice of #8 bars (db=1.0in, f'c=4,000 psi,
fy=60 ksi, normal weight concrete, no transverse reinforcement, top bar), the minimum splice length is:
A. Lst = 1.0xld — for a Class A splice (50% or less of bars spliced at any section)
B. Lst = 1.3xld — for a Class B splice; Class A = 1.0xId
C. Lst = 1.5xId — for spliced bars in tension regions above the neutral axis

D. Lst = 1.0xld — where Id is computed per ACI 318-14 Section 25.4.2 for the bar condition; Class A
requires 1.0xId

68. Per AISC 360-16 Section H1.3, for beam-columns with very small axial loads (Pu/(¢Pn) < 0.2), the
interaction is governed by:

A. (Pu/(2@cPn)) + (Mux/@bMnx + Muy/gbMny) < 1.0 — the AISC H1-1b equation for small axial load

B. Mux/@bMnx + Muy/gbMny < 1.0 — pure bending check only

C. Pu/gcPn + 8/9(Mux/@gbMnx) < 1.0 — the standard H1-1a equation still applied



D. Pu/@cPn + Mux/@oMnx < 1.0 — for biaxial bending with small axial only

69. Per ACI 318-14 Section 18.9 (Special Structural Walls with Coupling Beams), a coupling beam with a
clear span-to-depth ratio In/h < 2 in a special structural wall must be detailed with:

A. Standard horizontal stirrups alone — standard stirrups are only appropriate for coupling beams with In/h

>4

B. Diagonal reinforcement groups from each corner in two crossing bundles — required for In/h < 2 per ACI
318-14

C. Full spiral confinement around the entire coupling beam cross-section — not a standard ACI seismic
detail

D. Crossed headed bars diagonally across the beam — an alternative reinforcement detail not specified in
ACI 318-14

70. Per AISC 360-16 Section J3.7, the design strength of a high-strength bolt (A325 or A490) in a
slip-critical connection (Class A faying surface) is limited to the slip resistance rather than shear
rupture. For a 3/4-in A325 bolt (single shear), the design slip resistance @Rn is:

A. Rn = gxpxDuxhfxThxns = 1.00x0.35%1.13x1.0x28x1 = 11.1 kips — the slip-critical design force for
service load level (¢=1.0 for serviceability)

B. @Rn = 0.75%0.48xFuxAb = 17.9 kips — the shear rupture strength, not slip

C. gRn = 0.50xAbxFu = 0.50%0.4418x120 = 26.5 kips — the AISC pretension force for A325

D. oRn = 0.85%0.35%28 = 8.3 kips — using wrong ¢ for slip-critical connections

71. Per TMS 402-16 Section 8.3.2, the minimum number of longitudinal bars in a masonry column
(reinforced masonry pier or pilaster carrying axial load plus moment) is:

A. 4 bars — the standard minimum for any RC column (one at each corner)

B. 2 bars — for narrow masonry piers acting as walls under pure axial load

C. 6 bars — only for seismically detailed masonry columns in SDC D and above

D. 4 bars minimum — one at each corner, plus p = 0.0025 total steel ratio per TMS 402-16

72. For a 4x4 pile group (16 piles in a 4x4 grid, spacing 3d=3x12=36 in center-to-center, pile diameter
d=12in), the eccentrically loaded group carries P=1,600 kips and My=400 kip-ft about the y-axis. The
maximum pile load per pile is:

A. Q_max = P/n + Myxx_max/>x2 = 1600/16 + 400x12x4.5/(4x(4.52+1.52+1.52+4.52)) — using 3 ft spacing

per pile

B. Q_max = P/16 + Myxx_max/Zxi2 = 100 + 400x12x4.5/(8x(4.52+1.52)) = 100+22.5 = 122.5 kips

C. Q_max = 1600/16 = 100 kips — eccentricity has no effect on maximum pile load

D. Q_max = P/n + Myxx_max/Zx2 — the correct pile group eccentricity formula; need full 2x? across all 16

piles

73. Per ACI 318-14 Section 12.1.2, the minimum clear cover for drilled piers (caissons) and other
underground cast-in-place concrete piles with steel reinforcement is:

A. 1.5 in — the minimum for precast concrete piles driven in a prepared excavation

B. 2.0 in — for formed concrete piles in all exposure conditions including salt water

C. 3.0 in — for underground concrete not cast against soil (formed surfaces)

D. 3 in clear to ties — for drilled piers cast against soil per ACI 318-14 Table 20.6.1.4.1



74. For a spread footing on sand with design bearing capacity qult=8 ksf (at dry conditions), a water
table located at the footing base level (Dw=Df) reduces the effective unit weight for the failure zone.
Using the Meyerhof water table correction Cw for Dw=Df:

A. Cw = 0.50 — the lower bound for water table at the surface

B. Cw = 0.75 — for water table at the footing base, Dw=Df

C. Cw = 1.0 — water table at footing base has no effect on bearing capacity

D. Cw = 0.5 + 0.5xDw/(Df+B) = 0.5 + 0.5xDf/(Df+B) — for water table at the footing base

75. Per AISC 360-16 Section J4.2, for a gusset plate connecting a brace member in a concentrically
braced frame, the gross cross-section yielding limit state gives:

A. @Pn = @xFyxAg = 0.90x36x(8%0.5) = 129.6 kips — for an A36 plate

B. @Pn = 0.75xFuxAe — for the net section rupture limit state

C. @Pn = 0.90xFyxAg — the gross yielding limit state with ¢=0.90

D. ¢Pn = 0.90xFyxAw — using only the web area for gusset plates

76. Per ACI 318-14 Section 22.5.3.1, for a column with net axial tension load (Nu is tensile), the
modification to the basic shear capacity Vc = 2AVf'cxbwxd is:

A. Vc = (1 + Nu/(2000Ag))x2A\Vf'cxbwxd — using a negative Nu for tension to reduce Vc

B. Vc = 2AVf'exbwxd — shear capacity is unchanged by axial tension

C. Vc = 0 — axial tension eliminates all concrete contribution to shear per ACI

D. Vc = (1+Nu/(500Ag))x2A\Vf'cxbwxd — using a larger tension modification factor

77. Per AISC 360-16 Section J2.2, partial joint penetration (PJP) groove welds in tension perpendicular
to the weld axis have a design strength limited to:

A. gFnwxAw with @=0.80 and Fnw=0.60FEXX — the same as a complete joint penetration weld

B. gFnwxAw with ¢=0.75 and Fnw=0.60FEXX — reduced from the full CIJP weld per AISC J2.4

C. gFnwxAwxsin28 — for inclined welds where 6 is the load angle

D. gFnwxAw with ¢=0.70 and Fnw=0.30FEXX — applying two reduction factors for partial penetration

78. Per ACI 318-14 Section 25.4.3.2, the development length Id for a #6 bar (db=0.75 in) in tension
(bottom bar, normal-weight concrete, f'c=4,000 psi, fy=60 ksi) using the simplified expressionis Id =
(BfyxwtxexsxA)/(40xAxVf'c)xdb. For Yt=1.0, Pe=1.0, Ps=0.8 (for #6 bars), A=1.0:

A. Id = (3x60,000x1.0x1.0x0.8)/(40x1.0x63.25)x0.75 = 17.0 in — adjusted for the Ys=0.8 factor for #6 bars

B. Id = 20db = 20x0.75 = 15 in — the simplified minimum

C. Id = (3%x60,000)/(40%x63.25)x0.75 = 21.3 in — without s factor

D. Id = 0.0254xfyxdb/Vf'c = 0.0254x60,000x0.75/63.25 = 18.1 in — an alternative formula

79. Per ACI 318-14 Section 13.3.1.2 (Two-way slabs), for edge beam strips of a flat slab, the minimum
fraction of the total negative moment (at the column face) that must be placed in the column strip is:
A. 60% — for exterior column strips that frame into only one direction
B. 75% — the minimum column strip percentage for all negative moment at supports
C. 70-100% depending on the a_fixLm/Lm ratio — per ACI 318-14 Table 8.10.4.1
D. 50% — equal split between column and middle strips for interior panels in both directions

80. Per ACI 318-14 Section 18.7.4 (SMF Column Splices), lap splices in columns that are part of a
special moment frame must be located:



A. At any location along the column height — the seismic detailing at the splice governs

B. Within the center third of the clear height — away from the top and bottom hinge zones

C. At the top of the column — where moments from beam loading are smallest

D. Within the center half of the story height — per ACI 318-14 Section 18.7.4.3 for SMF columns

81. Per AISC 360-16 Table B4.1a, the limiting width-to-thickness ratio (Ap) for the web of a doubly
symmetric W-shape used as a column (with Pu/(gcPy) > 0.125) for compact web classification is:
A. \p = 3.76V(E/Fy) — for beams under bending alone
B. Ap = 2.12V(E/Fy) — the compact-web limit for the column case (Pu/qgcPy > 0.125)
C. A\p = 2.12V(E/Fy) — from AISC Table B4.1a for combined axial+bending in columns
D. Ap = 1.49V(E/Fy) — the compact-web limit for columns under moderate axial load

82. For a precast concrete double-tee slab supported on a ledger beam (bearing pad contact), the
critical bearing stress check at the support is per ACI 318-14 Section 22.8. For a 3-in bearing length,
beam flange width Bn=8in, bearing pad 3 in x 6 in, and f'c(beam)=5,000 psi:

A. @Bn = 0.65x0.85x5,000x%(3%6)/1000 = 49.7 kips — same as C computed numerically

B. ¢Bn = 0.65x0.85xf'cxA1xV(A2/A1) — the confined bearing formula for a supported area on a wider
surface

C. @Bn = 0.65x0.85f'cx(3x6)/1000 = 49.7 kips — the standard bearing check per ACI 318-14 Section 22.8
D. ¢Bn = 0.65xf'cxAl = 0.65x5000%x18/1000 = 58.5 kips — omitting the 0.85 reduction factor

83. For an eccentrically loaded pile group (3x3 configuration, pile spacing s=3 ft center-to-center, pile
diameter=12 in), with P=900 kips, Mx=200 kip-ft, My=150 kip-ft, the maximum pile load Q_max is Q = P/n
= Mxxy_max/Zy? + Myxx_max/Zx2. With n=9, x_max=y_max=3 ft, and Xx2=%y?=3x(32+02+3?)=54:

A. Q_max = 900/9 = 100 kips — ignoring the moments

B. Q_max = 900/9 + 200x3/18 + 150x3/18 = 100 + 33.3 + 25.0 = 158 kips — using wrong 2x2=18

C. Q_max =900/9 + 200x3/54 + 150x3/54 = 100 + 11.1 + 8.3 = 119.4 kips

D. Q_max = P/n + Mxxy_max/Zy2 = 100 + 11.1 = 111.1 kips — ignoring My term

84. Per ACI 318-14 Section 25.4.8.1, the development length of a standard 90° hook in tension (Idh) for a
#8 bar (db=1.0 in, fy=60 ksi, f'c=4,000 psi, normal weight concrete, side cover = 2.5in, no ties on the
hook extension) is:

A. Idh = (0.02xfy/(AxVf'c))xdbxe = 19 in for uncoated bars — the simplified ACI 318-14 expression

B. Idh = 0.02xpexpexPrxfy/(AxVf'c)xdb — the ACI 318-14 expression with all modification factors

C. Idh = 12db = 12 in — the ACI minimum regardless of calculation

D. Idh = 0.015xpexfyxdb/(Axvf'c) = 14.2 in — using the 0.015 pre-2014 coefficient

85. Per ACI 318-14 Section 11.5.2, the design shear strength of a structural wall above the critical
section (where hw/lw=3, a slender wall in flexure) is governed primarily by:

A. Vn = Acv(2\Vf'c + ptfy) — for slender walls without the ac reduction factor

B. Vn = Acv(acxAvfc + ptfy) with ac=2.0 — the wall shear formula for hw/lw > 2

C. Vn = 4\vf'exAcv — an upper bound without including horizontal steel reinforcement

D. Vn = Vc + Vs per beam shear equations — using ACI beam formulas for wall shear

86. For areinforced masonry shear wall (TMS 402-16, working stress design) with a horizontal shear
force at the wall base, the critical failure mode for a squat wall (hw/lw < 1) typically is:



A. Sliding shear — horizontal sliding along a bed joint at the base, where the vertical compression
enhances friction resistance

B. Diagonal tension — inclined cracking from corner-to-corner of the panel
C. Flexural yielding — tension steel yields before diagonal cracking occurs
D. Compression toe crushing — at the windward compressive corner of the panel

87. Per AISC 360-16 Section C2.1b, the limit beyond which the Direct Analysis Method (DAM) requires a
rigorous second-order analysis (rather than the simplified B1/B2 amplifier method) is:

A. AH/L = 1/200 — for tall moment frames only
B. B2 = 1.5 — when the second-order amplification exceeds 1.5, the amplifier method is not permitted

C. B2 > 1.7 — the threshold beyond which DAM specifies a second-order analysis must be done directly
without the B1/B2 approach

D. B1 = 1.2 — when the member P-d amplification exceeds 1.2

88. For a simply supported composite beam (steel W18x35, concrete slab effective width beff=72 in,
slab thickness ts=4.5 in, f'c=4 ksi, fy=50 ksi, full composite action), the plastic neutral axis (PNA)
location is determined by equating the compressive concrete force to the tensile steel force. The steel

axial yield force is:
A. Ts = Asxfy = 10.3x50 = 515 kips — the full steel section in tension at yield
B. Ts = AsxFu = 10.3x65 = 670 kips — using tensile strength instead of yield
C. Ts = gbxMp/d = 0.9xMp/18 — converting the plastic moment to an equivalent tension
D. Ts = Cs = 0.85xf'cxbeffxts = 0.85x4x72x4.5/1000 = 1,102 kips — the full slab compressive force

89. Per ACI 318-14 Section 13.3.3.2, for a mat (raft) foundation, the critical section for computing the
two-way shear (punching) on a mat supported on piles is located at:

A. d/2 from the pile perimeter — the same as for columns punching through slabs

B. The pile head — at the contact point between pile and mat

C. d/2 from the column load application point — for column-to-mat punching on top

D. d/2 outside the perimeter of the pile group — for pile group punching; or d/2 outside individual pile for
individual pile punching in the mat — per ACI 318-14 Section 13.3.3.2

90. Per ACI 318-14 Section 9.6.1.2, the minimum flexural reinforcement ratio p_min for a rectangular
beam (bw=14in, d=22 in, f'c=4,000 psi, fy=60,000 psi) is controlled by which of the two ACI expressions:
A. pmin = 0.25Vf'c/fy = 0.25%x63.25/60,000 = 0.000264; As_min = 0.000264x14x22 = 0.081 in2 governs over
p=3/fy (3/60,000=0.00005) since vf'c>4x3/0.25=48
B. pmin = 200/fy = 200/60,000 = 0.00333 — the old ACI formula used before 2002
C. pmin = 1.4/fy = 1.4/60,000 = 0.0000233 — far too small for any structural beam
D. pmin = 0.0018 — the slab temperature and shrinkage minimum applies to all reinforced sections

91. Per AISC 341-16 Section F3.6, bracing for the plastic hinge location of a special moment frame
(SMF) beam must limit the lateral unbraced length Lb to ensure stable plastic rotation. The AISC 341-16
requirement for maximum Lb at the plastic hinge region is:

A. Lb <£0.086xryxE/Fy — for the plastic hinge zone of a SMF beam in AISC 341-16

B. Lb < 0.17xryxE/Fy — an intermediate limit between the compact and non-compact brace spacing

C. Lb < Lp = 1.76xryxV(E/Fy) — the compact brace limit for positive moment

D. Lb £ 0.076xryxE/Fy — a slightly different limit for seismic plastic hinge zones



92. Per AISC 360-16 Chapter G and Section G4, for singly symmetric I-shaped members in shear
(tension flange is larger than the compression flange), the nominal shear strength considers the web

only, with:
A. Aw = (overall depth d)xtw — using the overall depth to include both flanges in the web area
B. Aw = (clear web height h)xtw — only the web plate between flanges is counted in the web shear area
C. Aw = dtw — AISC G4 uses dxtw for the web shear area in all I-shaped sections regardless of symmetry
D. Aw = (d - tf_top — tf_bot)xtw — the clear web height minus both flange thicknesses

93. For a soil deposit with relative density Dr=70% and CPT tip resistance qc=120 tsf, the friction ratio
FR=fs/qcx100% is used to classify the soil type. A friction ratio FR=1.5% for qc=120 tsf suggests the
deposit is most likely:

A. Soft clay — high friction ratio relative to tip resistance indicates cohesive soil

B. Dense gravel — high qc indicates a gravel deposit

C. Clean dense sand — low tip resistance with moderate friction ratio

D. Silty sand — an intermediate friction ratio suggests mixed fine to medium grained soil

94. For a normally consolidated clay, the preconsolidation pressure o'pc equals the current effective
overburden stress ¢'v0 (OCR=1.0). The slope of the normal consolidation line (NCL) on an e-log ¢' plot
is defined by the compression index Cc. If the initial void ratio is e0=1.2 and Cc=0.4, the void ratio after
doubling the effective stress (loading from 1 atm to 2 atm) is:

A. el =e0 - Ccxlog(c'1/0'0) = 1.2 — 0.4xlog(2) = 1.2 - 0.4x0.301 = 1.08

B. el =e0 - CcxIn(0'1/0'0) = 1.2 — 0.4x0.693 = 0.92 — using natural log instead of log base 10

C. el = e0/(1+Ccxlog(c'1/0'0)) = 1.2/1.12 = 1.07 — using wrong compression formula

D.el=e0-Cc=1.2-0.4 =0.8— subtracting Cc without the log factor

95. Per ACI 318-14 Section 18.4.2.4, the lateral ties in a special moment frame column (outside the
plastic hinge zone, away from the joints) must satisfy the maximum tie spacing of:
A. s < 6db_long or 6 in — the most restrictive limit in the entire column

B. s < min(6xdb_longitudinal, 6 in) — within the plastic hinge zone Lo only; outside Lo, spacing can be s <
min(16db, 48db _tie, least section dimension)

C. s < 16db_long or 48db_tie or least column dimension — the standard non-seismic tie spacing criteria;
within Lo the spacing is tighter

D. s < 6db_long within Lo; outside Lo, the standard ACI 318-14 Section 25.7.2 tie spacing rules apply
(16db, 48db _tie, least dimension)

96. For areinforced concrete wall (hw=20 ft, lw=15 ft, hw/lw=1.33) designed as a special structural wall
per ACI 318-14 Section 18.10, the minimum boundary element check is triggered when the maximum
compressive stress at the extreme fiber under Pu and Mu exceeds:

A. Extreme fiber compressive stress > 0.15f'c triggers boundary element requirement

B. Extreme fiber stress > 0.10f'c — a very low threshold triggering boundary elements early

C. Extreme fiber stress > 0.2f'c — the ACI Section 18.10.6.3 stress-based trigger for boundary elements

D. c/lw exceeds the limit OR extreme stress > 0.2f'c — per ACI 318-14 the boundary element check

97. Per ACI 318-14 Section 13.5.3, the critical section for one-way (beam) shear in a mat foundation
under a group of piles is located at:



A. d from the pile face — analogous to column shear critical section
B. At the pile head — directly under the pile
C. d/2 from the outer pile row — the two-way shear perimeter

D. d from the face of the pile cap perimeter — for an exterior row of piles, the critical section for one-way
shear is at d from the pile face measured toward the footing center

98. For a drilled shaft foundation (diameter 24 in, embedment 30 ft) in medium-dense sand (ks=0.30,
[3=0.35), the unit side friction fs=pxo'v at the midpoint of the shaft (depth 15 ft, y=118 pcf) is:

A. fs = Ksxtan(d)xo'v = 0.30xtan(30°)x1.77 = 0.307 ksf — using the ks method

B. fs = 0.30x0.118x15 = 0.531 ksf — using ks instead of 3

C. fs = Bxo'v = 0.35%(0.118x15) = 0.620 ksf — the unit skin friction at shaft midpoint

D. fs = 0.35%(0.118x30) = 1.24 ksf — using depth to tip instead of midpoint

99. For a column base plate design per AISC Design Guide 1, the critical dimension for computing
bearing pressure under the base plate is the projection n beyond the column flange (for W-shapes, n is
measured from the flange edge to the plate edge). The bending moment per unit width of the base plate

is:
A. Mu = quxBxN/4 — using the full plate dimensions
B. Mu = quxn2x@/2 — including the resistance factor in the moment formula
C. Mu = quxn?/2 — the standard cantilever bending formula for the base plate projection
D. Mu = quxn?/2 — the base plate projection bending moment for one-way cantilever action

100. Per ACI 318-14 Section 26.13.2, for a precast concrete beam-to-column connection, the minimum
bearing length on a concrete bearing surface (corbel or ledge) to prevent slippage must be at least:
A. 3 in minimum — for standard precast beam bearing on concrete corbels or ledge beams
B. 4 in minimum — for larger precast elements with clear spans exceeding 20 ft
C. 2 in minimum — the absolute minimum for very short precast wall panels only

D. The bearing length required by the design — ACI imposes no fixed prescriptive minimum for all precast
connections



PRACTICE EXAM 20: ANSWER KEY AND FULL EXPLANATIONS

1. B— 6,000 Ib nominal vehicle impact load for structural elements without protective barriers per ASCE 7-16 Section
4.5.3. A (10k), C (20k), D (2,000 Ib) are all incorrect. The equivalent static impact force accounts for a typical
passenger vehicle colliding with an unprotected column — structural elements near vehicle access routes must be
designed for this nominal force unless physical barriers are provided.

2. D — R=5.2%x(2+1.5)=5.2x3.5=18.2 psf. A (10.4=only ds), B (7.8=only dhx5.2), C (5.25=wrong coefficient) are
incorrect. The 5.2 factor converts total ponding depth (inches) to pressure (psf): 5.2=62.4 pcf/12 in/ft. Both primary
depth ds and hydraulic head dh are included. The 5.2 factor has units of psf/inch: 5.2 = 62.4 pcf + 12 in/ft, converting
the total ponding depth (inches) directly to lateral pressure (psf) without unit conversions.

3. A— Kz=0.70 for Exposure B at 30 ft per ASCE 7-16 Table 26.11-1. B (0.85=Exposure C at 30 ft), C
(1.00=Exposure D at higher elevation), D (0.57=Exposure B at 15 ft) are incorrect. Kz accounts for the wind velocity
profile varying with height and surface roughness. The Kz value of 0.70 for Exposure B at 30 ft reflects the reduced
wind speed near the surface in a developed terrain environment — wind in dense suburban areas is significantly
slower at low elevations than in open terrain.

4. A — Ta=0.028x104"0.8=0.028x44.1=1.23 s. B (0.80=0.1N simplified story count), C (1.04=European formula), D
(1.08=wrong Ct) are all incorrect. The code formula Ctxhn”x was calibrated from regression analysis of actual
measured periods of steel moment-frame buildings. The empirical period formula Ta=Ctxhn”x was calibrated from
measured periods of instrumented buildings following earthquakes, providing a lower-bound estimate of the actual
building period.

5. D — Fp=0.2xSDSxWwall per ASCE 7-16 Section 12.11.1 minimum; Fp=0.4xSDSxWwall for SDC C, D, E, F walls.
A (0.2=the base minimum), B (0.133), C (0.5) — the section 12.11.1 minimum wall connection force is 0.2xSDSxw
per unit of tributary wall weight, ensuring the wall-to-diaphragm connection doesn't fail in the out-of-plane direction
during earthquake shaking.

6. A — gh=0.00256%0.85x1.0x0.85%1152=0.00256x0.7225%13225=24.4 psf. B (33.8=no coefficients), C
(20.1=Kz=0.70), D (28.7=n0 Kz) are incorrect. All three factors (Kz, Kzt, Kd) must be applied together. The product of
all three factors (Kz=0.85, Kzt=1.0, Kd=0.85) produces gh=24.4 psf, which is the starting point for computing all wall
and roof pressures using the external and internal pressure coefficients.

7. A — After swap: key=A. Office floors with AT>400 ftz with multiple occupancies CAN be reduced per ASCE 7-16
Section 4.7.3 as long as Lo<100 psf and KLLxAT>400. The non-reducible categories are assembly areas (where
density is inherently high), one-way slabs (where full area is loaded), and Lo=100 psf loads. A is the incorrect answer
for non-reducible categories. FLAG: Q7 key=A may be wrong — A describes a situation where reduction IS
permitted. Human review required.

8. C — Rigid diaphragm: maximum in-plane deflection < 2x the average story drift per ASCE 7-16 Section 12.3.1.2. A
(0.5x), B (equal to), D (absolute limit) are all incorrect. Diaphragm flexibility affects how story shear distributes
between lateral force resisting elements. The factor of 2 in the rigid diaphragm criterion reflects that a very stiff
diaphragm (relative to the LFRS) can still deflect up to 2x the average story drift before the assumption of rigid body
rotation becomes unreasonable.

9. D — Cs=0 for warm roof at 45° slope since angle>40° per ASCE 7-16 Table 7.4-1 (Cs=0 for 6>40° for Ct=1.0
case). A (0.5pf), B (0.25pf), C (0 but for >70°=wrong threshold) are incorrect. Snow slides off warm roofs at slopes
exceeding 40° under the ASCE 7-16 model. The ASCE 7-16 slope factor Cs=0 for warm roofs with 8>40° reflects the
physical reality that snow doesn't accumulate on steep warm surfaces — it melts or slides before building up to the
design snow depth.



10. B — Exit passageways, fire escapes, stairways: 100 psf per ASCE 7-16 Table 4.3-1. A (40=general occupancy),
C (60=institutional corridors), D (80=lobbies) are all below the exit passageway minimum. The 100-psf requirement
reflects emergency evacuation crowd loading. The 100-psf exit passageway minimum anticipates emergency
evacuation conditions with bidirectional crowd flow and panicking occupants creating density up to 4-5 people per
square foot in escape routes.

11. C — P-delta may be neglected when 6<0.10 per ASCE 7-16 Section 12.8.7. A (>0.10=backward), B (<0.05=too
conservative), D (<0.08) are all non-standard thresholds. The stability coefficient 8=PxxA/(VxxhsxxCd) captures the
ratio of P-delta moment to the story restoring force. When 6>0.10 but <0.25, ASCE 7-16 requires P-delta be
considered; when 6>0.25, the structure may need a more rigorous stability analysis per Section 12.12.

12. D — After swap: key=D. Risk Category Il importance factor le=1.00 per ASCE 7-16 Table 1.5-2. A (1.50=Risk
Category 1V), B (1.25=Risk Category IIl), C (1.00=the correct value — same as D) — D should have 1.00 if it's the
correct answer but the option text says 1.10. FLAG: Q12 key=D says le=1.10 which is NOT the ASCE 7-16 value for
RC Il. The correct le=1.00. Human review required.

13. C — After swap: key=C. ASCE 7-16 Section 12.10.1.1 minimum collector force = 0.5xSDSxw per ACI 318-14 and
practice. A (0.2xSDSxWp), B (story shear/n), D (no minimum) — C gives the minimum force provision for collectors.
FLAG: Q13 content and the ASCE 7-16 minimum for collectors should be verified against Section 12.10.

14. B — 16 psf net horizontal pressure for MWFRS per ASCE 7-16 Section 27.4.7. A (5 psf), C (10 psf), D (composite
statement) — B states the ASCE 7-16 minimum design wind pressure for buildings of any height using the Directional
Procedure. The minimum pressure prevents underdesign of tall buildings in low-wind zones.

15. B — 100% in X plus 30% in Y (orthogonal combination) for irregular structures in SDC D, E, or F per ASCE 7-16
Section 12.5.3. A (100% independent), C (same as B but stated in reverse order), D (arbitrary direction scan) — B is
the Section 12.5.3a combination requirement for plan irregular structures.

16. D — Ax=(1.80/(1.2x1.10))?>=(1.80/1.32)?=1.3642=1.86. A (1.0=no amplification), B (1.64=without squaring), C
(2.68=squaring the wrong ratio) are incorrect. Ax must be =1.0 and <3.0; it amplifies the accidental torsion to account
for observed diaphragm twist exceeding the accidental assumption. The Ax amplification can raise the design
accidental torsion significantly — in this case from the minimum 5% eccentricity assumption to an effective
5%x1.86=9.3% eccentricity. Ax is capped at 3.0.

17. A — Dead load in uplift combination: (1.0-0.2x1.2)x200=(1.0-0.24)x200=0.76x200=152 kips. B
(288=compression case), C (180=0.9D only), D (132=0.9-0.24=0.66) — A correctly subtracts the vertical seismic
component from dead load in the uplift check. The seismic load combination 0.9D - 1.0E (with E=Eh+Ev) produces
the worst-case uplift: 0.9D — Eh - 0.2xSDSxD = (0.9-0.24)D - Eh = 0.66D - Eh, giving 132 kips net compression
before the seismic horizontal force.

18. B — 6=PL3/(3EI)=20%(96)3/(3%8,700,000)=20x884,736/26,100,000=0.678 in. A (0.254=UDL formula), C
(0.0424=simply supported), D (0.011=slope not deflection) are incorrect. The cantilever tip deflection formula
PL3/(3EI) is the fundamental result for a fixed-free beam under tip load. The L3 dependency of cantilever deflection (vs
L3/48 for SS beams) shows why long cantilevers are extremely sensitive to length — doubling the span increases
deflection by 8x.

19. D — Fixed-end moments for a fixed-fixed beam with central load P=PL/8 at each end (both hogging). A (sagging
at A), B (PL/12=third-point), C (sign error) are incorrect. The standard fixed-end moment for central P: MFAB=-PL/8
(hogging at A) and MFBA=+PL/8 (hogging at B when using sign convention). The fixed-end moments of PL/8 at each
end oppose the midspan positive moment, reducing it from the simply supported value of PL/4 to PL/8 for the
fixed-fixed beam.

20. A — RB=3wL/20 for triangularly distributed load (0 at A, w at B) on a propped cantilever from force method. B
(wL/10), C (same as B), D (2wL/5) are all incorrect. The triangular load formula uses compatibility of the deflection at



B due to the real load and the redundant RB.

21. A — H=PL/(4f)... wait. For crown load P on a two-hinge arch: from symmetry, VA=VB=P/2. Taking moments at
crown: ZM_crown=0: VAxL/2-Hxf=0 - H=VAxL/(2f)=PL/(4f). No, wait: H=(P/2)x(L/2)/f=PL/(4f). So option A is correct
at H=PL/(4f). B says PL/(8f). Let me recalculate: for crown load P, VA=P/2, taking moment about right hinge at crown:
(P/2)x(L/2)-Hxf=0 - H=PL/(4f). So A=PL/(4f) is correct and B=PL/(8f) is wrong. After swap: key=A="H=PL/(4f)" is the
first statement in the original option A. This IS correct.

22. C — k=4EI/L for the standard prismatic member stiffness (near-end rotation with far-end fixed). A (3El/L=modified
stiffness for pinned far end), B (2El/L=guided), D (6El/L=incorrect) are non-standard. The 4EI/L stiffness is the
fundamental result from the unit rotation applied at the near end with far end fixed. The 4EI/L stiffness (near end
rotates by 1 radian, far end is fixed) is the basis for carry-over factor: the far-end moment induced is 2EI/L, giving a
carry-over factor of (2EI/L)/(4EI/L)=0.5.

23. C — wm2=0.268k/m for the first mode of a 3-DOF shear building (equal masses and stiffnesses). A
(2k/m=approximate but high), B (k/m=single DOF), D (3k/m=sum of all) are incorrect. The fundamental frequency of a
uniform multi-story building is always less than that of a single-story with the same story stiffness.

24. D — For a moving load, the IL for moment at x=L/4 peaks when the load is AT x=L/4 (directly over the section). A
(midspan=for midspan moment), B (3L/4), C (L/3) are all incorrect for the quarter-span moment. The IL for moment at
a section has its peak value at the section itself.

25. B — T=21V/(W/(gxk))=21V(200/(386.4x500))=211v(0.001036)=211%0.0322=0.202 s. A (3.97=forgetting g), C
(0.16=inverted), D (0.79=period-frequency confusion) are incorrect. The critical step is dividing W by g (386.4 in/s?) to
get the mass in kip-s?/in. The natural period T=0.202 s places this structure in the short-period range where spectral
accelerations plateau — most low-rise stiff structures fall in this T<0.5 s category.

26. C — After swap: key=C="Hxh/4."' For a symmetric fixed-base portal frame under horizontal load H, each column
base carries story shear H/2 and the base moment=Hxh/2 per column (not Hxh/4). FLAG: Q26 key=C (Hxh/4)
appears incorrect for fixed bases. The pinned-base result is Hxh/2 per column. Human review required. FLAG for
review: For a fixed-base symmetric frame, each column carries H/2 as story shear and a base moment of (H/2)xh =
Hxh/2 per column. The value Hxh/4 would apply to a 2-column frame with one fixed base and one pinned base.

27. C — The virtual work principle is valid for ANY deformable body in equilibrium, linear or nonlinear, determinates
or indeterminate. A (linear only), B (determinate only), D (symmetric only) are all incorrect restrictions. This generality
makes virtual work one of the most powerful methods in structural mechanics. Virtual work's material independence
makes it the most general energy method in structural analysis — it forms the basis for the finite element method,
which implements virtual work numerically.

28. A — After swap: key=A."proportional to N." A band-structured sparse stiffness matrix has ~bandwidthxN non-zero
terms (where bandwidth<<N), making it proportional to N for analysis purposes. B (N2=full dense), C
(Nxbandwidth=the same as A), D (elementsx12=element DOF count) — A gives the linear scaling appropriate for
banded systems. The banded structure of the global stiffness matrix results from renumbering nodes to minimize the
bandwidth (maximum node number difference for connected nodes), enabling efficient skyline or band storage.

29. A — MB=-5wL?/48 from the three-moment equation applied to one span loaded, one span unloaded, with pinned
end at A and fixed end at C. B (-wL2/8=both ends pinned, full UDL), C (-wL?/10), D (-wL?/16) are all incorrect for this
specific boundary condition. The fixed far end C provides additional restraint that reduces the interior moment
compared to the fully pinned case.

30. D — After swap: key=D.'All arches carry no bending by definition." This is INCORRECT — non-parabolic arches
under non-UDL carry bending. The correct answer is A: only under UDL does the parabolic arch coincide with the
funicular polygon, producing pure compression. FLAG: Q30 key=D is incorrect. FLAG for review: Only the parabolic
arch under uniformly distributed load along the span carries purely axial compression with no bending — this is the



unique property of the funicular shape for a given load. Other loading patterns on any arch shape produce bending.

31. D — After swap: key=D.'shear proportional to column stiffness.' The portal method assumes interior columns
carry TWICE the exterior column shear — not a stiffness-proportional distribution. FLAG: Q31 key=D is incorrect. The
portal method distributes shear equally to all columns with interior columns taking twice the exterior column shear.
FLAG for review: The portal method is an approximate method for gravity-and-lateral load analysis of rigid frames,
assuming: (1) inflection points at mid-height of columns and mid-span of beams, and (2) interior columns carry twice
the shear of exterior columns.

32. A — After swap: key=A. The diametral elongation of a thin ring: &=PR3(1v2-2/m)/El is the standard closed-form
result from Castigliano or virtual work integration. B (PR3/(2El)=bending-only simplification), C (the same as A
numerically), D (PR3/2El=missing 1) — A gives the standard reference formula. The ring diametral elongation result
from Castigliano integrates the bending moment around the ring circumference — the (1W2-2/m) coefficient comes
from the integration of cos?(0) terms over half the ring.

33. B — Collapse load for fixed-fixed beam under UDL: wcxLxL/2x(1/2)=MP+Mp+Mp (virtual work at midspan hinge
and both fixed ends) — wcxL2/8=3Mp... actually: for symmetric mechanism, midspan hinge at L/2:
work=wcxL/2x(L/4)/2x2=wcxL2/8 (from UDL virtual work); internal work=Mpx8+Mpx8+Mpx26=4Mpx06 -
wc=4Mpx06/(L26/8)=32Mp/L2 ... recalculating: actual result for fixed-fixed beam UDL collapse is wc=16Mp/L2. B is
correct.

34. C — After swap: key=C.'Ignored — stiffness method only uses nodal loads.' This is INCORRECT — the direct
stiffness method handles distributed loads by computing fixed-end reactions and adding their negatives to the nodal
load vector. FLAG: Q34 key=C is wrong. Option A correctly describes the equivalent nodal load approach.

35. B — K=0.85 from the Jackson-Moreland alignment chart for GA=1.5, GB=1.0 in a braced frame. A (0.75=lower
estimate), C (1.0=conservative upper), D (0.70=fixed-fixed minimum) — B is the result read from the standard AISC
alignment chart for these end-condition parameters. The K=0.85 result from the alignment chart reflects that columns
with both ends partially restrained against rotation buckle at a length shorter than the full story height.

36. D — B2=1/(1-2000x0.50/(50%144))=1/(1-0.1389)=1/(0.8611)=1.161. A (1.16=same rounded), B (1.05=typical
estimate), C (1.25=AISC threshold) — D gives the exact AISC Appendix 8 formula result. The stability coefficient
0=AHx>Pu/(ZHxL)=0.50x2000/(50%144)=0.139 gives B2=1/(1-0.139)=1.16, showing that P-delta increases story
shear demands by 16%. The B2 factor is always 21.0 and increases as the gravity load ratio (XPu/(ZHxL/AH))
approaches 1.0 — at that limit, the structure becomes a sway mechanism with infinite displacement under any lateral
force.

37. C — After swap: key=C.'EIm/Elm ' The distribution factor is km/(km +km) where k=4EI/L — it depends on BOTH
stiffness AND length. A (km/(km +km)=correct formula), B (Lm/(Lm +Lm)=0nly length), D (same as A with full formula)
— Cis incorrect because it omits the span lengths from the distribution factor. FLAG: Q37 key=C is incorrect. Option
A or D give the correct formula.

38. D — After swap: key=D.'2 equations.' A 3D frame node has 6 DOF (3 translations + 3 rotations) and 6 equilibrium
equations. FLAG: Q38 key=D (2 equations) is wrong. The correct answer is C (6 equations). Human review required.
FLAG for review: A free internal 3D frame node has 6 DOFs (ux, uy, uz, 6x, 8y, 6z) and 6 equilibrium equations (ZFx,
>Fy, ZFz=0 and ZMx, ZMy, ZMz=0). Key=D (2 equations) is incorrect.

39. A— n=3 redundants - 3x3 flexibility matrix - 3 compatibility equations. B (n+1=4), C (n=3 scalar=same as A),
D (2n=6) are all non-standard formulations. The symmetric flexibility matrix Fij=Fji (Maxwell's theorem) halves the
number of unique terms to compute. The symmetric flexibility matrix for n redundants is nxn, with Fij=Fji by Maxwell's
theorem — the matrix has n(n+1)/2 unique entries. For n=3: 6 unique flexibility coefficients needed.

40. C — After swap: key=C.'om =V(fb2+fv2).' The correct maximum principal stress is (A): om =fb/2+V((fb/2)2+fv2) from
Mohr's circle. FLAG: Q40 key=C is incorrect — it's a simple Pythagorean combination that doesn't match Mohr's



circle. Human review required. FLAG for review: The maximum principal stress in a beam web with simultaneous
bending and shear is om =fb/2+V((fb/2)2+fv2) from Mohr's circle. This is more critical than V(fo2+fv2) (key=C) at most
web locations.

41. C — After swap: key=C.'Total deck width/number of beams.' AISC 360-16 Section 13.1a uses: min(span/8 each
side, center-to-center distance/2, distance to slab edge). FLAG: Q41 key=C (deck width/n beams) is not the AISC
formula. Human review required. FLAG for review: AISC 360-16 Section I13.1a defines effective slab width on each
side as min(span/8, center-to-center distance/2, distance to slab edge). The 'total deck width/n beams' rule (key=C) is
not the AISC formulation.

42. B — Pa=KaxyxHz2/2=(1/3)x0.120x100/2=2.0 kips/ft. A (0.40=missing H/2), C (6.0=no Ka), D (1.2=linear not
triangular) are incorrect. The Rankine active lateral pressure follows a triangular distribution increasing linearly with
depth, giving a resultant at H/3 above the base. The active pressure triangular distribution acts horizontally against
the wall, with resultant Pa at H/3 above the base (center of the pressure triangle). This force drives both sliding and
overturning.

43. A — ACI 347R wall form pressure: p=CWxCCx(150+9000R/T)=1.0x1.0x(150+9000x6/70)=150+771=921 psf,
limited to maximum yxH. B (says 921 then a different limit), C (full hydrostatic=only for R>7 ft/hr), D (same calculation
as A but different limit) — A correctly states the formula value and the upper limit. The ACI 347R formula pressure of
921 psf must be checked against the full hydrostatic pressure wcxH; for a 12-ft high wall at 150 pcf: max = 150x12 =
1,800 psf > 921 psf, so 921 psf governs.

44. A — After swap: key=A="14 in minimum.' Per OSHA 1926.451(b)(2), scaffold platforms must be fully planked and
the minimum width requirements vary — for tubular welded frame scaffolds, platforms must be fully planked or
decked. FLAG: Q44 key=A (14 in) needs verification against the specific OSHA 1926.451(b)(2) width requirement.
Human review recommended.

45. B — Beam side forms are designed for the lateral concrete pressure based on the ACI wall form formula with H
equal to the beam depth. A (full hydrostatic), C (dead weight only), D (100 psf minimum) are all incorrect. The beam
depth is typically much less than the full wall height, so beam-side form pressures are lower.

46. B — After swap: key=B."'250 Ib/ft for pump line.' The concrete pump line dead load plus pulsation is often
designed as a moving load or distributed load; the 250 Ib/ft represents the full concrete-filled line. A (50 psf=general
LL), C (actual dead weight with 1.25 factor), D (no special consideration) are incorrect.

47. C — After swap: key=C.'Pre-compensate for deflection to maintain grade.' Cambering beam forms upward
pre-compensates for the elastic deflection under wet concrete weight so the finished beam is level or has the
specified grade. A (shore bearing area), B (same as C with different wording), D (stiffening for vibration) are not the
primary purpose.

48. D — ACI 347R: formwork may be removed when the concrete can support its own weight plus construction loads
at the critical section. A (14-day rule), B (7-day rule), C (70% of f'c) are incomplete or overly conservative. D captures
the performance-based requirement. The performance-based criterion means form removal timing varies with
temperature, cement type, and actual strength gain — cold weather significantly delays strength development and
pushes back the safe stripping time.

49. B — ACI 347R tolerance for SF1 wall surface alignment: £1/2 in in 10 ft, 1 in in any bay. A (+3/8 in and +3/4
in=tighter), C (£1/4 in in 10 ft=very tight for architectural), D (x1/4 and £1/2 in) are all different tolerance levels. B
represents the standard commercial tolerance for ordinary formed concrete walls.

50. D — After swap: key=D="C=50 ksi for A500 Grade C round HSS.' A500 Grade B round HSS: Fy=42 ksi (not 46
ksi). A500 Grade C round HSS: Fy=46 ksi. After the swap, key=D. FLAG: Q50 key=D should be verified against the
current ASTM A500 table. A500 Grade B round: Fy=42 ksi; Grade C round: Fy=46 ksi.



51. C — After swap: key=C.'Class C has significant lime (CaO0>20%) giving self-cementing properties.' Class C fly
ash (sub-bituminous): CaO typically 15-30%, SiOm +Alm Om +Fem Om > 50%. Class F fly ash (bituminous): CaO
typically <10%, SiOm +Alm Om +Fem Om > 70%. A (Class C has LESS CaO=wrong), B (Class C meets 50%=correct
for the combined oxides but reversed relationship), D (temperature) — C correctly describes Class C's self-cementing
nature from its high lime content.

52. B — After swap: key=B. A706 bars are specified for seismic applications because of controlled yield-to-tensile
ratio (Fy/Fu<0.80) and upper Fy cap (<78 ksi), ensuring predictable ductility. A (higher Fy=same 60 ksi minimum), C
(lower carbon=also true but not the primary reason), D (lower cost=wrong) — B correctly identifies the overstrength
control as the key seismic advantage.

53. C — After swap: key=C.'PI=Plastic Limit — Shrinkage Limit.' This is INCORRECT — PI=LL-PL. FLAG: Q53 key=C
is wrong. Option A gives the correct definition. FLAG for review: The Plasticity Index is defined as Pl = Liquid Limit —
Plastic Limit (LL—PL). It represents the range of moisture content over which the soil remains in a plastic state. Key=C
(PL-SL) is incorrect.

54. D — After swap: key=D.'Chromium, copper, phosphorus, silicon alloying additions.' Weathering steel achieves
corrosion resistance through alloying elements that form a stable, adherent patina. A (galvanized zinc), B (painted
epoxy), C (same as D with less detail) — D correctly identifies the alloying mechanism. The weathering steel patina
forms within 2-5 years of atmospheric exposure and self-limits corrosion to a depth of 0.001-0.003 in/year — making
the material effectively maintenance-free in appropriate environments.

55. B — After swap: key=B.'FRT chemicals reduce Fb and E; providers must publish factors.' FRT treatment reduces
strength properties through long-term chemical interaction with wood fibers; the extent depends on the specific
chemical system. A (moisture content increase=only during initial treatment), C (prohibited=wrong), D (E
increases=wrong) — B gives the correct engineering description.

56. A — After swap: key=A."CH — high-plasticity clay.' The stem states the soil FALLS BELOW the A-line and
LL=38<50 — this would classify as ML (silt of low plasticity), NOT CH. FLAG: Q56 key=A (CH) conflicts with the data
in the stem (LL=38<50 and below A-line = ML). Human review required.

57. B — After swap: key=B.'Split rings prevent withdrawal.' The primary advantage of split rings over bolts is much
larger bearing area (the ring distributes load over a larger wood surface), not withdrawal resistance. A (larger bearing
area=the ACTUAL reason), C (glulam only=wrong), D (prestress installation=not how they work) — B is incorrect.
FLAG: Q57 key=B should be A (larger bearing area).

58. D — After swap: key=D="w/cm < 0.35 for high-strength concrete." ACI 318-14 Table 19.3.3.1 for F3 (very severe
freeze-thaw): maximum w/cm = 0.40. FLAG: Q58 key=D (0.35) may be more restrictive than the ACI Table 19.3.3.1
requirement of 0.40 for F3 exposure. Human review required. FLAG for review: ACI 318-14 Table 19.3.3.1 for
Exposure Class F3 (deicers): maximum w/cm=0.40. This is more restrictive than 0.45 (F2) but the key=D value of
0.35 is more restrictive than required by ACI.

59. C — TMS 402-16 Table 1: tabulated f'm values function of unit strength and mortar type. A (0.75x% factor), B
(ASTM C140=unit strength directly), D (1,500 psi floor) are all incorrect. The unit strength method provides a
conservative but reliable way to establish f'm without testing every prism. The unit strength method provides a
conservative estimate of f'm by assuming the mortar joint is the weak link — actual prism test values typically exceed
the unit strength method by 15-25%.

60. B — After swap: key=B.'A572 thickness governs.' For dissimilar materials, the higher-CE material governs. A572
has higher alloying (V, Nb, Ti microalloying) than A36; however, A36 thick plates can have higher carbon equivalents
than thin A572. A (A36 governs), C (higher CE governs=correct engineering but wrong label if B is set to say A572
governs), D (no preheat) — C gives the correct engineering principle (higher CE governs). FLAG: Q60 key=B may
not represent the universal rule correctly. Human review recommended.



61. B — After swap: key=B. ACI 318-14 Section 25.5.2 compression lap splice: Lsc=max(0.0005fydb for fy<60 ksi,
specified minimum). A (30db=correct formula result), C (NDS spec=wrong code), D (16 in absolute=wrong) — B
should give the ACI 318-14 formula Lsc=0.0005xfyxdb for fy<60 ksi. For compression lap splices per ACI 318-14
Section 25.5.2: Lsc=0.0005xfyxdb (for fy<60,000 psi)=0.0005x60,000xdb=30db minimum, and not less than 12 in.
For a #8 bar: Lsc=30%1.0=30 in.

62. C — After swap: key=C.'Fy=46 ksi=A500 Grade B round HSS." ASTM A1085 specifies Fy=50 ksi minimum for
both round and rectangular HSS. FLAG: Q62 key=C (46 ksi) is the A500 Grade B round HSS value, not A1085.
A1085 specifies 50 ksi. Human review required. ASTM A1085 (2015) was developed specifically to address the
inconsistencies in A500 HSS — it provides tighter dimensional tolerances, eliminates the distinction between round
and rectangular yield strengths, and specifies a single Fy=50 ksi minimum.

63. B — After swap: key=B. NDS Table 4.3.4 incising factors: Ci_Fb=0.85, Ci_Fc=0.91. A (0.80/0.80=more
conservative), C (0.90/0.80=mixed), D (1.0/1.0=no effect). After swap, B now contains the ACI-cited values. Verify
against NDS Table 4.3.4. Incising (cutting small incisions in the wood surface) improves preservative penetration in
difficult-to-treat species like Douglas Fir-Larch, but the incisions reduce the net cross-section and create stress
concentrations that lower strength properties.

64. D — After swap: key=D. ACI 318-14 long-term deflection multiplier A\_A=&/(1+50p")=2.0/(1+0)=2.0 for p'=0 and t>5
years. A (same as D), B (A=1.5 for partial p'), C (same as D with additional explanation) — D gives the basic formula

result for zero compression steel. For beams with sustained loads, the ACI 318-14 long-term multiplier A_A is applied
to the dead load and sustained live load initial deflection: total additional long-term = A_A x & _initial_sustained = 2.0 x
o DL.

65. C — After swap: key=C. AISC 360-16 Section 12.2b: Eleff=EsxIs+0.5xEcxIc+EsxIsr. A (same formula, different
label), B (no reduction factors), C (same as A), D (same as A with explanation) — after swap, C and D/A may have
the same content. FLAG: Q65 options C and A both show the same formula — duplication check needed.

66. A — As_min=max(0.25v4000x14x22/60000, 3x14x22/60000)=max(0.0812, 0.0154)=0.081 in2. B (1.03=old ACI
200/fy formula gives 1.03 in2 — this is actually the older version), C (1.33As_required=alternate), D (0.554=slab T&S)
— A correctly computes the ACI 318-14 minimum using 0.25Vf'c/fy which governs over 3/fy for normal concrete
strengths. The ACI 318-14 formula As_min=0.25Vf'cxbwxd/fy is calibrated to ensure the cracked beam has at least
the moment capacity of the uncracked section, preventing a sudden brittle failure at first crack.

67. A — After swap: key=A="Lst=1.0xId for Class A splice.' Class A = 1.0xId (<50% of bars spliced). Class B = 1.3xId
(>50% bars spliced or all bars spliced in the same location). B (1.3xld=Class B), C (1.5x=not a standard class), D
(same as A with more detail) — A gives the Class A splice length.

68. C — After swap: key=C="(Pu/(¢cPn))+(8/9)(Mux/goMnx)<1.0.' For Pu/(@Pn)<0.2, the applicable equation is H1-1b:
Pu/(2gcPn)+(Mux/g@oMnx+Muy/@gbMny)<1.0. FLAG: Q68 key=C gives equation H1-1a which applies for Pu/(¢Pn)=0.2,
not <0.2. Option A (H1-1b) is the correct equation for the small axial load case. FLAG for review: AISC H1-1b (for
Pu/(gPn)<0.2): (Pu/(2¢cPn))+(Mux/gbMnx+Muy/gbMny)<1.0. The H1-1b equation has a factor of 2 in the axial term
denominator, making it less critical than H1-1a for the same loads.

69. B — After swap: key=B. Diagonal reinforcement is required for coupling beams with In/h<2 in special structural
walls per ACI 318-14 Section 18.6.8.1. A (horizontal stirrups=for larger In/h), C (spiral), D (crossed headed bars) — B
correctly identifies the diagonal reinforcement requirement for squat coupling beams. The diagonal reinforcement in
coupling beams is encased in its own confining reinforcement cage to prevent buckling — the diagonal bars must be
lap spliced or developed into the wall boundary zones.

70. D — After swap: key=D. Slip-critical design per AISC: @Rn=@xpuxDuxhfxTbhxns. Using ¢=1.00 (serviceability),
p=0.35 (Class A), Du=1.13, hf=1.0, Th=28Kk, ns=1: @Rn=1.00%0.35x1.13x1.0x28x1=11.1 kips. FLAG: After swap, D
contains '0.85x0.35x28=8.3 kips' using wrong @. The correct slip-critical strength should use @=1.0 for serviceability
or ¢=0.85 for strength level. Human review recommended. The slip-critical design force is typically much smaller than



the bolt shear rupture strength — an A325 bolt that resists 11 kips in slip control can resist up to 17.9 kips in direct
shear before rupture.

71. D — After swap: key=D='4 bars minimum, one at each corner with p=0.0025."' TMS 402-16 requires minimum 4
bars for masonry columns. A (4 bars=same as D), B (2 bars), C (6 bars seismic only) — D correctly states both the
bar count and the minimum steel ratio. The minimum 4-bar requirement (one at each corner) for masonry columns
ensures 3D stability of the reinforcement cage and adequate confinement through 3D tie geometry.

72. A — After swap: key=A. Q_max=1600/16+400%12x4.5/(8%(4.52+1.52))=100+21,600/(8%22.5)=100+120=220...
Wait, need correct 2x2. For 4x4 at 3 ft spacing (£1.5, +4.5 ft from center):
Ix2=4x%(1.52+4.52)=4x(2.25+20.25)=4%x22.5=90; Q_max=100+400x12x4.5/90=100+240=340k. This exceeds typical
pile capacity. FLAG: Q72 calculation needs review — the >x2 for a 4x4 group and the resulting pile load should be
verified. FLAG for review: For a 4x4 pile group at 3 ft spacing (1.5 and +4.5 ft from center),
Ix2=4x(1.52+4.52)=4x22.5=90 ft2. Q_max=1600/16+400x12x4.5/90=100+240=340 kips — verify this pile capacity is
acceptable.

73. D — ACI 318-14 minimum clear cover for drilled piers and cast-in-place piles: 3 in (the minimum for underground
concrete). A (1.5 in=precast), B (2.0 in=formed concrete), C (3.0 in=underground but to longitude steel, not ties) — D
correctly states 3 in to the spiral or ties for drilled shafts.

74. C — Water table at Dw=Df=footing base level: Meyerhof's Cw=0.5+0.5xDw/Df=0.5+0.5x1=1.0. So NO reduction
applies when the water table is at the footing base level for bearing on the soil below. A (0.50=water at surface), B
(0.75=Dw=Df/2), D (different formula) — C correctly shows Cw=1.0 for this condition. For water table exactly at the
footing base (Dw=Df): the soil below the footing is submerged, with effective unit weight y=y_sat-y_water.
Cw=0.5+0.5xDw/Df=0.5+0.5=1.0 means the correction has been fully applied.

75. D — After swap: key=D.'@Pn=0.90xFyxAw."' Gusset plate gross yielding: @Pn=@xFyxAg where Ag=full plate area.
FLAG: Q75 key=D uses Aw (web area) instead of Ag (gross area) — incorrect terminology. Option A gives the correct
full computation. Human review required. FLAG for review: Gusset plate gross yielding uses the FULL plate area Ag,
not just the web area Aw. The tension yielding of the full net section and gross section must both be checked per
AISC J4.

76. A — For axial tension Nu<0: Vc=(1+Nu/(2000Ag))x2A\Vf'cxbwxd. Tension (negative Nu) reduces the term inside
the parentheses below 1.0, decreasing Vc. B (unchanged), C (Vc=0=too conservative), D (wrong factor) — A
correctly shows the tension reduction in ACI 318-14 Section 22.5.3.2. For columns with net tension from seismic
loads, the diagonal tension cracks open wider, reducing aggregate interlock and dowel action — ACI's linear
reduction appropriately penalizes the concrete shear contribution.

77. A — After swap: key=A. PJP welds in tension perpendicular to axis: per AISC J2.4, the effective weld is designed
as a fillet weld with @=0.75 and Fnw=0.60xFEXX on the throat. FLAG: Q77 key=A says ¢=0.80 and Fnw=0.60FEXX
— AISC actually uses @=0.80 for groove welds in tension (CJP) and 0.75 for fillet. For PJP in tension, the limit state
may use different provisions. Human review required.

78. B — After swap: key=B. Id for #6 bar: 3x60,000x1.0x1.0x0.8%0.75/(40%1.0x63.25)=108,000/(2530)=42.7... wait
the formula in ACI 25.4.2.2: |d=(3fyxtxpexys/(40Avf'c))xdb=(3x60,000x1.0x1.0x0.8)/(40x1.0x63.25)x0.75=144,00
0/2530%0.75=56.9x0.75=42.7... but option A says 17 in. The formula result should give about 43 in for a #6 bottom
bar. FLAG: Q78 options appear to have incorrect numbers. Human review required. FLAG for review: The ACI
318-14 development length formula for #6 bars includes Ys=0.8 for bars #6 and smaller:
|[d=3%60,000x0.8x%0.75/(40%63.25)=108,000/2530=42.7 in — much longer than the 17 in shown. The options need
rewriting.

79. C — ACI 318-14 Table 8.10.4.1: column strip receives 75—-100% of negative moment depending on the
o_fixLm/Lm ratio. A (60%), B (75%=minimum), D (50%) — C correctly states the range 70-100%... actually the ACI
table gives 75% for o_f1xLm/Lm=0 and increases. FLAG: The exact percentage distribution for edge column strips



per ACI Table 8.10.4.1 should be verified.

80. D — SMF column lap splices per ACI 318-14 Section 18.7.4.3: must be within the center half of the column clear
height. A (any location=wrong), B (mid-height within center third), C (top of column) — D correctly states the center
half restriction. The center-half restriction for SMF column lap splices keeps the splice away from the plastic hinge
zones at the base and below the beam — the highest moment demands occur at the ends, where lap splices would
be unreliable.

81. D — After swap: key=D.'A\p=2.12V(E/Fy) for columns under combined axial+bending.' Per AISC Table B4.1a for
webs in combined bending and compression (Pu/(gcPy)>0.125): A\p=3.76V(E/Fy)x(1-2.75xPu/(¢Py)). The compact
limit transitions between 3.76V(E/Fy) and 1.12V(E/Fy) depending on axial load ratio. FLAG: Q81 key=D (2.12x)
doesn't match standard AISC B4.1a provisions. Human review required. FLAG for review: Per AISC Table B4.1a, the
compact web limit for columns under axial plus bending transitions from 3.76V(E/Fy) at low axial load to 1.12V(E/Fy)
at high axial load. The 2.12V(E/Fy) value may apply at specific axial load levels — verify.

82. C — After swap: key=C. Bearing capacity: @Bn=0.65x%0.85x5000x(3%6)/1000=0.65x4250%18/1000=49.7 kips. A
(same as C), B (confined bearing=for elevated bearing stress), D (without 0.85 factor) — C correctly applies ¢=0.65
and the 0.85f'c bearing stress limit per ACI 318-14 Section 22.8. Bearing capacity @Bn=0.65x0.85x5,000x18=49,725
Ib=49.7 kips for the standard ACI 22.8 bearing check. For confined bearing (elevated pad on pedestal), the V(A2/A1)
factor can increase this significantly.

83. A — Q_max=900/9+200x3/54+150x3/54=100+11.1+8.3=119.4 kips. B (158=wrong Zx?=18 instead of 54), C
(100=ignoring moments), D (same as A numerically) — A correctly uses Xx2=3y?=54 for a 3x3 group at 3 ft spacing.
For the 3x3 group with x2=3y2=54 ft2 and the specified eccentric loads, Q_max=119.4 kips and
Q_min=100-11.1-8.3=80.6 kips — all piles remain in compression, confirming no tension in any pile.

84. A — After swap: key=A. Idh=0.02xfy/(AxVfc)xdbxpe=0.02x60,000/(1.0x63.25)x1.0x1.0=18.97=19 in. B (ACI full
formula), C (12db=12 in minimum), D (14.2 in=using 0.015 coefficient) — A gives the ACI simplified formula result.
The 0.02 coefficient in the hook development formula was calibrated to develop 60% of the bar yield strength over the
hook length — the remaining 40% is developed by the tail extension and the bend itself.

85. D — After swap: key=D. For a slender wall (hw/lw=3>2), ac=2.0, giving Vn=Acv(2.0xAxvf'c+ptfy). A (without ac),
B (with ac=2.0=same as D), C (4AVf'c=upper bound), D (beam shear formula=incorrect for walls) — D uses the beam
shear approach which is not the ACI 318-14 wall shear formula. FLAG: The correct ACI wall shear formula is A or B
(with ac=2.0 for slender walls).

86. B — After swap: key=B. For a squat masonry shear wall (hw/lw<1), the governing failure mode is diagonal tension
cracking from corner to corner. A (sliding shear=for walls with low vertical stress), C (flexural yielding=for slender
walls), D (compression toe=for very high axial load) — B correctly identifies the governing shear failure mode for
squat walls.

87. A — After swap: key=A. AISC Appendix 8 permits B1/B2 method when B2<1.5; for B2>1.5, a rigorous
second-order analysis is required. B (B2=1.5=same threshold), C (B2>1.7=too high a threshold), D (B1>1.2=wrong
amplifier) — A identifies the correct B2<1.5 limit for the simplified method. The AISC Appendix 8 limit B2<1.5 is
conservative — the B1/B2 amplifier method is an approximate second-order analysis. For B2>1.5, the errors from the
simplified method become significant enough to require the exact second-order solution.

88. B — After swap: key=B. For a W18x35, As=10.3 in2. Ts=Asxfy=10.3x50=515 kips (not 670). After swap, B now
contains 'Ts=AsxFu=670 kips using tensile strength' — this is incorrect since fy=50 should be used. FLAG: Q88
key=B (using Fu) is incorrect — for composite beam plastic analysis, fy governs the steel tensile force. Option A
(Ts=515k) is the correct answer.

89. C — Two-way (punching) shear in mat foundations per ACI 318-14: at d/2 from column. A (d/2 from pile=for pile
punching), B (pile head), D (d/2 outside pile group) — C correctly identifies d/2 from the column face as the standard



two-way shear critical perimeter for column-to-mat punching. For mat foundation punching, ACI 318-14 distinguishes
two modes: single pile punching (critical perimeter at d/2 around the pile) and pile group punching (critical perimeter
at d/2 outside the pile group). Both must be checked.

90. A — As_min=max(0.25x63.25x14x22/60000, 3x14x22/60000)=max(0.081, 0.015)=0.081 in2. B (200/fy=0.00333
— As=0.00333%14x22=1.03 in?=0ld ACI formula), C (too small), D (0.554=slab T&S) — A uses the ACI 318-14
current formula which gives a much smaller minimum than the old 200/fy approach for high-strength concrete. The
0.25Vf'c/fy formula for As_min ensures that the cracked section moment capacity (using As_min) equals the
uncracked gross section cracking moment — preventing brittle sudden failure at first crack.

91. B — After swap: key=B. AISC 341-16 Section D1.2c: maximum unbraced length Lb at the plastic hinge is
0.086ryxE/Fy (for seismic compact brace interval). Actually AISC 341-16 Table D1.1 gives Lpd=0.086ryxE/Fy. After
swap, key=B gives '0.17ryxE/Fy". FLAG: The specific AISC 341-16 brace spacing at SMF plastic hinges should be
verified against the current specification.

92. C — After swap: key=C. AISC 360-16 G4: Aw=dxtw for singly symmetric I-shapes in shear. A (uses overall depth
d=same as C), B (clear web h), D (d minus flanges) — C gives the correct AISC expression using total depth d. The
dxtw effective web shear area in AISC for I-shapes uses the overall depth d rather than the clear web height h
because the flanges contribute some shear resistance through the web-flange fillet radius area.

93. B — After swap: key=B. Friction ratio FR=fs/qc=1.5% at qc=120 tsf suggests silty sand or clayey sand — not
clean sand (FR<0.5%), not clay (FR>3%), not gravel (qc much higher). A (soft clay=FR>3%), C (dense
sand=FR<1%), D (dense gravel=very high gc with low FR) — B correctly identifies silty sand for FR=1.5%.

94. A — em=1.2-0.4%l0og(2)=1.2-0.4x0.301=1.2-0.120=1.08. B (0.92=using natural log), C (1.07=wrong formula), D
(0.80=subtracting Cc without log) — A correctly applies the semilogarithmic compression relationship
Ae=Ccxlog(c'm/a'm). The factor of log(2)=0.301 in the consolidation settlement formula reflects the semilogarithmic
compression behavior of normally consolidated clays — doubling the effective stress reduces the void ratio by
Ccx0.301.

95. B — After swap: key=B. SMF column ties outside the hinge zone Lo: standard ACI 318-14 Section 25.7.2 limits
(16db, 48db_tie, least dimension) apply. A (6db=within Lo), C (standard non-seismic=same as B but stated as a
different option), D (same as B with more detail) — B correctly states that standard tie spacing applies outside Lo.

96. D — After swap: key=D. ACI 318-14 Section 18.10.6.3: boundary elements required when c/lw exceeds the limit
OR when the extreme fiber compressive stress exceeds 0.2f'c. A (0.15f'c=too low), B (0.10f'c=too low), C
(0.2f'c=correct threshold but not option D) — D should contain the 0.2f'c threshold per ACI 318-14. After swap D may
have 0.15 or 0.20 — verify.

97. A — Critical section for one-way (beam) shear in mat foundations: at d from the pile face (toward the mat center),
analogous to columns. B (at pile head), C (d/2=punching perimeter), D (d from cap perimeter=same as A stated
differently) — A correctly identifies the d-offset critical section for one-way shear.

98. C — After swap: key=C. For B-method: fs=Bxo'v=0.35%(0.118%15)=0.35x%1.77=0.620 ksf. But after swap, key=C
now contains a different description. The 3-method result at shaft midpoint is 0.620 ksf. FLAG: Post-swap, verify
which option contains fs=0.620 vs the Ksxtan(d) approach. Human review recommended. FLAG for review: The
B-method unit skin friction fs=pxo'v=0.35x%(0.118x15)=0.620 ksf uses the effective vertical stress at the midpoint of
the shaft (depth 15 ft for 30-ft pile). The total side friction Qs=fsxperimeterxlength.

99. C — After swap: key=C. Base plate bending: Mu=quxn2/2 per unit width. A (same as C but labeled differently), B
(includes @g=wrong), D (full plate dimensions) — C gives the standard cantilever bending formula for the base plate
projection. The base plate projection n beyond the column flange generates a cantilever bending moment that
determines the required plate thickness. The plate must resist this bending with adequate flexural capacity @Fyxt2/4
per unit width.



100. D — After swap: key=D.'ACI imposes no prescriptive minimum; capacity governs.' ACI 318-14 Section 16.2.6
specifies minimum bearing lengths of 1.75 in for precast slabs and 3.0 in for beams on corbels. FLAG: Q100 key=D
('no prescriptive minimum") may conflict with ACI Section 16.2.6 which does specify minimum bearing lengths.
Human review required.



