
PRACTICE EXAM 18: 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 4.3.2, library stack rooms (where books are stored in compact shelving units)
have a minimum design live load of:

A. 60 psf — the minimum for standard library reading rooms and open stacks

B. 75 psf — for bookstack rooms with conventional open shelving at standard spacing

C. 150 psf — the minimum for compact bookstack rooms per ASCE 7-16 Table 4.3-1

D. 100 psf — for archive rooms and general records storage facilities

2. Per ASCE 7-16 Section 7.4.5, the balanced snow load on a curved roof (barrel vault or dome) is
determined by a shape factor that varies along the slope. On the windward (lower, shallow) side of a
curved roof, the shape factor Cs:

A. Cs=0.0 always — no snow loads on curved windward surfaces regardless of slope

B. Cs=1.0 everywhere — the flat-roof value applies to curved roofs unchanged

C. Cs decreases from 1.0 at the crown to 0 where the slope exceeds 70°

D. Cs=Ce×Ct — the exposure and thermal factors alone determine the shape factor

3. Per ASCE 7-16 Table 4.9-1, the vertical impact load for overhead traveling cranes (bridge cranes) is
computed by applying a percentage increase to the maximum wheel load. For cab-operated bridge
cranes, the vertical impact factor applied to the maximum wheel load is:

A. 25% of the maximum static wheel load — the ASCE 7-16 impact factor for cab-operated bridge cranes

B. 10% of the sum of lifted load and trolley weight — for pendant-controlled monorail hoists

C. 50% of the maximum wheel load — for cranes in heavy forge shops and steel mills

D. 15% of the maximum wheel load — for hand-operated and under-running bridge cranes

4. Per ASCE 7-16 Section 4.7.3, the reduced design live load L for a member supporting an area AT=250
ft² of office floor (unreduced LL Lo=100 psf, KLL=2 for interior beams) using L=Lo(0.25+15/√(KLL×AT))
is:

A. 100 psf — no reduction is permitted when Lo=100 psf (heavy live load), regardless of AT

B. 92.1 psf — L=100(0.25+15/√500)=92.1 psf; KLL×AT=500>400 so reduction applies here

C. 75 psf — for members supporting two or more floors under the minimum 50% rule

D. 50 psf — the absolute minimum allowable live load after maximum reduction

5. Per ASCE 7-16 Section 2.3.6, for the LRFD load combination 0.9D+1.0W, the intent of using 0.9D is to:

A. Account for construction tolerance — the dead load installed in the field always differs from design
calculations

B. Reflect the statistical variability in material unit weights — structural members are lighter than specified
10% of the time

C. Avoid over-counting dead and wind when they act simultaneously on the same element

D. Minimize stabilizing dead load to produce the maximum net uplift or overturning from wind — the critical
check for anchorage and foundation uplift



6. Per ASCE 7-16 Eq. 12.8-5, the minimum seismic response coefficient Cs,min = 0.044×SDS×Ie for
SDS=0.75g and Ie=1.0 is:

A. 0.015g

B. 0.025g

C. 0.030g

D. 0.033g — Cs,min=0.044×0.75×1.0=0.033g

7. Per ASCE 7-16 Section 12.14.8 (Simplified Design Base Shear), the simplified seismic procedure may
be used only for structures with:

A. Any height — the simplified method applies to all structures with ELF applicability

B. Three stories or fewer, regular configuration — the simplified procedure is limited to low-rise, regular
buildings

C. Five stories or fewer — for regular and irregular structures in SDC D or lower

D. No height limit — if SDS < 0.20g, simplified is always applicable

8. Per ASCE 7-16 Section 26.9.1, the Envelope Procedure (Method 2) for MWFRS wind loads on low-rise
buildings was developed using wind tunnel testing on actual models. The internal pressure coefficient
GCpi for an enclosed building is taken as ±_____ per Table 26.13-1:

A. ±0.00 — enclosed buildings generate no net internal pressure in the design model

B. ±0.18 — the GCpi for enclosed buildings; ±0.55 applies to partially enclosed buildings

C. ±0.55 — the GCpi for partially enclosed buildings; ±0.18 applies to enclosed buildings

D. ±0.18 for enclosed or ±0.55 for partially enclosed, depending on the enclosure classification

9. Per ASCE 7-16 Section 12.8.3, for a building with a computed fundamental period Ta=0.30 s (short
period), the distribution exponent k used to distribute the base shear to each floor is:

A. k = 2.0 — for all tall buildings

B. k = 1.5 — the intermediate value

C. k = 1.0 — for T ≤ 0.5 s, k is taken as 1 (linear distribution), reflecting a linear mode shape for short-period
structures

D. k = 0.5 — for very short-period structures with stiff lateral systems

10. Per ASCE 7-16 Table 4.3-1, the minimum live load for assembly occupancies with FIXED seats (such
as theaters, concert halls, and stadiums with individual fixed chairs) is:

A. 40 psf — standard residential occupancy

B. 60 psf — for fixed seating assemblies where the crowd density is high per person but movement is
constrained by fixed seats

C. 100 psf — for movable seat configurations

D. 80 psf — for general assembly with standing occupants

11. Per ASCE 7-16 Section 13.6.1, seismic design of fluid-filled storage tanks includes the
hydrodynamic effect of the water on the tank walls during earthquake shaking. This requires:

A. Adding 100% of the contained fluid weight to the seismic weight W — the full fluid is assumed to move
with the tank

B. Adding only 10% of the fluid weight — the fluid is mostly decoupled from the structural response



C. Including both the 'impulsive mass' (rigidly attached to tank wall) and 'convective mass' (sloshing)
components in the seismic weight

D. Ignoring the fluid weight entirely for horizontal seismic forces

12. Per ASCE 7-16 Table 12.2-1, a Special Concentrically Braced Frame (SCBF) steel structural system
has a response modification factor R of:

A. R=3 — the OCBF response modification factor

B. R=6 — for SCBF per ASCE 7-16 Table 12.2-1

C. R=7 — for EBF (eccentrically braced frames) with special shear link details

D. R=8 — the highest R, assigned to Special Moment Frames (SMF)

13. Per ASCE 7-16 Section 4.11.2, escalator design live loads must account for both the self-weight of
the escalator and the passenger loading. The minimum live load for escalator and moving walkway
structural support is:

A. 60 psf on the plan area — assembly occupancy load

B. 100 psf — heavy assembly occupancy for stairways and escalators

C. The actual equipment dead load plus a concentrated load of 300 lb at the most unfavorable location for
structural design

D. A code-tabulated minimum of 100 psf, PLUS the actual dead load of the escalator mechanism

14. Per ASCE 7-16 Section 7.7, ponding instability from snow occurs when the roof deflects under
snow, collecting additional water from snowmelt or rain, causing further deflection. Per the ASCE 7-16
ponding check, a roof is considered stable against ponding if:

A. The roof slope is at least 1/4 in/ft — sufficient drainage slope prevents ponding from accumulation

B. The roof deflection under total load is less than L/240 — the standard stiffness criterion

C. Cs×S ≤ pf — the ponding stability check ensures snow load plus water ponding doesn't exceed capacity

D. The roof framing is analyzed for the combined weight of snow and any ponded water under the fully
deflected geometry

15. Per ASCE 7-16 Section 12.3.2 and Table 12.3-1, a plan structural irregularity Type 3 (diaphragm
discontinuity) exists when the diaphragm has an opening or cutout area exceeding:

A. 10% of the gross diaphragm area

B. 25% of the gross diaphragm area — a diaphragm discontinuity irregularity is triggered by openings
exceeding 50% per ASCE 7-16; the 25% limit triggers Type 2 (re-entrant corner)

C. 50% of the gross diaphragm area — the ASCE 7-16 diaphragm discontinuity Type 3 irregularity
threshold for openings

D. 75% of the gross diaphragm area

16. Per ASCE 7-16 Section 12.3.4.2, in Seismic Design Category E and F, the redundancy factor ρ must
be 1.3 (rather than 1.0) unless:

A. The structure uses a special moment frame — all SMF structures automatically get ρ=1.0

B. The load effects are based on the overstrength factor Ω0

C. The structure passes the two-element removal test per Section 12.3.4.2(a), OR each story's lateral load
resisting system has at least two bays of perimeter framing in each direction

D. The structure is less than 5 stories in height



17. Per ASCE 7-16 Section 4.4.1, the impact live load factor applied to loads on machinery supports
(such as motor bases, equipment frames, and pump foundations) is applied as a multiplier to the
equipment self-weight. For RECIPROCATING machinery, the impact factor is:

A. 0.20×W — a 20% increase applied to the supported equipment weight as an impact allowance

B. 0.25×W — the impact factor for tanks elevated on steel frames and similar supports

C. 0.50×W — the reciprocating machinery impact factor, so design load = 1.50×W total

D. 0.20 times the live load — machinery impact applies only to the live load component

18. For a simply supported beam (span L=10 ft=120 in, EI=29,000×400 kip-in²) with a midspan vertical
spring support (spring stiffness ks=200 kip/in), the equivalent combined midspan stiffness of the beam
plus spring is 1/(1/k_beam + 1/k_spring) where k_beam=48EI/L³=322 kip/in. The combined stiffness is:

A. 200 kip/in — the spring is the softest element and controls

B. 126 kip/in — 1/(1/322+1/200)=1/(0.0031+0.005)=1/0.0081=123 kip/in

C. 322 kip/in — beam stiffness dominates

D. 522 kip/in — beam and spring stiffnesses add in parallel

19. The three-moment equation (Clapeyron's equation) for a continuous beam relates the bending
moments at three consecutive supports A, B, and C. For equal spans (L■=L■=L) with no settlement and
EI constant under a UDL w, it reduces to:

A. MA+4MB+MC = −wL²/4 — with a factor of 4 in the right-hand side only

B. MA+4MB+MC = −wL²/2 — the correct form for equal spans with UDL on each span

C. MA+2MB+MC = −wL²/8 — with a factor of 2 on MB instead of 4

D. 2MA+8MB+2MC = −wL² — a scaled version with all terms doubled on both sides

20. For a fixed-end propped cantilever (fixed at A, pinned at B, span L) under a concentrated load P at
distance a from A, the fixed-end reaction at A (vertical) is:

A. RA = P×b²(3a+b)/(2L³) — from the fixed-end beam formula with released pin

B. RA = P(1 + 2b/L)(b/L)² — propped cantilever reaction formula

C. RA = P×b²(2L+a)/(2L³) — the standard propped cantilever result; RA is the larger of the two reactions
when a<L/2

D. RA = Pa/L — simply supported assumption ignoring fixity

21. For a propped cantilever (fixed at A, roller at B, span L=24 ft, EI=constant) under a UDL w, the roller
reaction at B (which is the redundant) is:

A. RB = wL/2 — half the total load, treating the propped cantilever as a simple beam

B. RB = 3wL/8 — the correct roller reaction from the compatibility equation for a propped cantilever

C. RB = wL/4 — for a very stiff propped cantilever where the roller carries little load

D. RB = 5wL/8 — the reaction at the FIXED end, not the roller, for a propped cantilever under UDL

22. For a two-span continuous beam (equal spans L=20 ft each, EI constant) under UDL w=3 kip/ft on
BOTH spans, the bending moment at the interior support B by the three-moment equation is:

A. MB = −wL²/8 = −3×400/8 = −150 kip·ft

B. MB = −wL²/12 = −50 kip·ft

C. MB = −wL²/4 = −3×400/4 = −300 kip·ft

D. MB = −wL²/16 = −75 kip·ft



23. By Müller-Breslau's Principle, the influence line for any force or moment quantity in a structure is
the deflected shape of the structure when the constraint corresponding to that force or moment is
removed and a unit displacement is applied in its place. For the REACTION at a simple support:

A. A triangle with zero at the removed support and unit value at the other support end

B. A parabola peaking at midspan — this is the deflected shape for a midspan load, not a support

C. A line from 1.0 at the removed support to 0 at the far support — the unit upward displacement shape

D. A flat horizontal line at 1.0 across the full beam span — uniform influence for distributed loads

24. For a 2D truss with 15 members and 9 joints (with 3 support reactions total), the degree of static
indeterminacy is:

A. Statically determinate — m+r=2j

B. Two-degrees indeterminate — two redundant members

C. One-degree indeterminate — one extra member or reaction

D. Three-degrees indeterminate — m+r=18>2j=18 — wait, m+r=15+3=18=2×9=18, so actually determinate

25. For a symmetric two-span continuous beam (equal spans L, EI constant, simple supports at A and
C, fixed-roller at B) under a single concentrated load P at midspan of the LEFT span only, the maximum
positive moment in the left span is LESS THAN PL/4 because:

A. The negative moment at B from span continuity reduces the left-span positive moment below the
simply-supported value PL/4

B. The fixed support at A creates a negative moment that transfers all bending away from the midspan
entirely

C. The concentrated load on the left span creates an uplift at C, reducing all reactions and moments

D. The interior roller B cannot develop moment, so the spans act independently like two simply supported
beams

26. For a space (3D) frame element, the number of local degrees of freedom per element (total for both
end nodes combined) is:

A. 6 — three translations per end node (2D)

B. 12 — six DOFs per node (ux,uy,uz,θx,θy,θz) times 2 nodes

C. 8 — for a frame element in 3D space with torsion included

D. 4 — two translations and two rotations per node in 3D

27. For moment distribution of a symmetric frame under symmetric loading, by taking advantage of
symmetry:

A. Only half of the frame needs to be analyzed — the symmetric DOFs can be handled with a symmetric
half-model using modified member stiffnesses

B. The full frame must always be analyzed — symmetry doesn't reduce the distribution cycles

C. The distribution factors all become 0.5 for symmetric frames

D. No carry-over occurs in symmetric frames — carry-over is always zero for symmetric structures

28. The geometric stiffness (stress stiffness) matrix [KG] for a beam-column element includes the effect
of the axial force N on the lateral stiffness. For a compressive axial force N in a beam-column, the
effective stiffness is [K_eff]=[K]-[KG] where [KG] is positive for compression. This means:

A. The effective lateral stiffness increases with compression — columns get stiffer under load



B. The effective lateral stiffness decreases with compression — leading to potential instability when
[K]-[KG] becomes singular (buckling)

C. The effective stiffness is unchanged by axial force — axial and lateral behavior are decoupled in
first-order analysis

D. The geometric stiffness must be subtracted from the thermal stiffness only

29. For a state of plane stress with σx=8 ksi, σy=4 ksi, τxy=3 ksi, the maximum shear stress τmax in the
plane is:

A. 2.0 ksi — the half-difference of normal stresses

B. 3.61 ksi — τmax=√(((σx−σy)/2)²+τxy²)=√(4+9)=√13=3.61 ksi

C. 5.0 ksi — the sum of the two normal stresses

D. 1.5 ksi — the average shear stress

30. Maxwell's Reciprocal Theorem states that the deflection at point i due to a unit load at point j equals
the deflection at point j due to a unit load at point i (δij=δji). This theorem applies to:

A. Elastic structures with non-linear material behavior only

B. Any loading system, including non-proportional loading

C. Symmetric structures only — asymmetric structures violate the reciprocal theorem

D. Any linearly elastic structure under any configuration of loads — Maxwell's theorem is a general result
from the principle of virtual work for elastic structures

31. For a propped cantilever (fixed at A, roller at B, L=20 ft, EI=constant) under a concentrated moment
M■ applied at midspan, the reaction at B is:

A. RB=3M■/(2L) — from the force method with the roller at B as the redundant

B. RB=M■/L — a simplified result ignoring the fixed-end boundary condition at A

C. RB=M■/(2L) — using only half the moment for the redundant calculation

D. RB=0 — a mid-span applied moment produces no roller reaction in a fixed-pinned beam

32. For the slope-deflection method applied to a sway frame, the sway equation (ΣH=0) includes
contributions from:

A. Only the applied lateral loads — internal column shears are excluded

B. All story-level forces including the column shears (MAB+MBA)/h and (MCD+MCD)/h from the chord
rotation terms

C. The rigid-body rotation of the beams only — columns don't contribute to ΣH

D. The beam moments at mid-span only — the slope-deflection equation is evaluated at L/2

33. For a plate girder with a slender web (h/tw > λr), the tension field action per AISC 360-16 Section G3
allows additional post-buckling shear resistance. The tension field is NOT permitted in:

A. End panels adjacent to the supports — the end panel must be designed without tension field because it
serves as an anchorage zone for the tension field in the adjacent interior panels

B. Panels with large axial forces in the web — axial load excludes tension field

C. Panels in positive moment regions — tension field is only permitted in negative moment zones

D. Interior panels with a/h < 1.0 — the panels are too squarish for tension field

34. For a frame structure analyzed by the Direct Analysis Method (DAM) per AISC 360-16 Appendix 1,
the nominal stiffness of all members must be reduced by multiplying EI and EA by a factor of 0.80 (or



using 0.80×0.80=0.64 for the stiffness reduction when τb<1.0). This reduction accounts for:

A. Temperature effects reducing stiffness in cold climates

B. Variations in member section properties from mill tolerance

C. Member yielding and residual stresses at column buckling strength levels

D. The increase in deflection from concrete cracking in composite sections

35. For a non-prismatic (tapered) beam in a portal frame, the stiffness matrix entries change from the
standard prismatic formula. The carry-over factor for a tapered beam (where the web tapers from d■ at
the near end to d■ at the far end) is:

A. Always 0.5 — carry-over factor is a universal constant for all beam types

B. Greater than 0.5 if the far end is deeper — stiffness increases toward the far end

C. Less than 0.5 if the far end is shallower — the carry-over depends on the relative stiffness of the two
ends of the tapered member

D. Always equal to d■/d■ — directly proportional to the depth ratio

36. For a shell structure (thin-walled cylindrical pressure vessel), the hoop (circumferential) stress σh
and longitudinal (axial) stress σL under internal pressure p and radius R with wall thickness t are:

A. σh=pR/t and σL=pR/(2t) — the hoop stress is twice the longitudinal stress

B. σh=pR/(2t) and σL=pR/t — the longitudinal governs the pressure vessel

C. σh=pR/t and σL=pR/t — equal biaxial state in a thin shell

D. σh=p and σL=pR/t — pressure equals hoop stress only at the neutral surface

37. For the response spectrum analysis (RSA) of a multi-story building, the SRSS combination rule for
modal responses (story forces, story shears, element forces) is appropriate when:

A. The structure has more than 3 modes — SRSS accuracy increases with mode count

B. The structure is symmetric and has well-separated natural frequencies — SRSS gives accurate
estimates when cross-correlation between modes is negligible

C. The modes are closely spaced (within 10% of each other in frequency) — SRSS gives exact results for
coupled modes

D. All modes contribute equally to the response — SRSS is only exact for uniform modal participation

38. For Castigliano's first theorem (as distinct from the second), the partial derivative of the
complementary energy with respect to a generalized displacement gives the associated generalized
force. For a linear elastic structure, complementary energy equals strain energy, so:

A. The first and second theorems give identical results — they are equivalent for linear structures

B. Castigliano's first theorem finds forces from displacements — ∂U/∂δ=F; the second theorem finds
displacements from forces — ∂U/∂F=δ; both apply to linear elastic structures

C. Castigliano's first theorem applies only to nonlinear structures where complementary energy differs from
strain energy

D. Castigliano's first theorem applies to plastic structures only

39. For a cable under a concentrated load P at a distance a from the left support (cable span L,
horizontal support separation L, supports at same elevation), the cable sag h at the load point is related
to the cable geometry. The horizontal thrust H at both supports is:

A. H = P×a×b/(h×L) — from the moment equilibrium at the load point



B. H = P×a×b/(h×L) — where b=L−a and h is the sag at the load — the only horizontal reaction in the cable
for a concentrated load

C. H = P/(2×tan(θ)) — from the slope of the cable segments

D. H = P×L/(4h) — the formula for a uniformly loaded cable

40. For a two-span beam (equal spans L, EI constant, UDL w on the LEFT span only), using the moment
distribution method from the three-moment equation, the moment at the interior support B is:

A. -wL²/8 = −150 kip·ft for w=3, L=20 ft (full UDL on both spans)

B. -wL²/16 = −75 kip·ft — for UDL on left span only, MB = −wL²/16 from the three-moment equation

C. -3wL²/16 = −225 kip·ft — a fixed-end result that does not apply here

D. -wL²/24 = −50 kip·ft — for UDL on right span only (by symmetry, less than half-loaded case)

41. For a rigid frame with a fixed base and a pinned roof (single-story, single-bay), subjected to a
horizontal wind load H at the roof level, the moment at the base of each column (by statics) is:

A. H×h/2 per column from shear equilibrium — same result as C expressed differently

B. H×h for the windward column — leeward base has zero moment in this framing type

C. H×h/2 per column — pinned roof means no horizontal beam force; each base carries H/2 times h

D. H×h combined total — the overturning moment for both column bases together

42. The method of sections for truss analysis requires cutting the truss through no more than _____
members (unless all cut members are concurrent or parallel):

A. 2 members — cutting through 2 members provides 2 unknowns and only 2 independent equations
(redundant)

B. 4 members — a four-member cut requires additional compatibility equations to solve the unknowns

C. 3 members — the three equilibrium equations (ΣFx, ΣFy, ΣM=0) solve exactly 3 unknown member forces

D. Any number of members — the method of sections is not limited by the number of cuts

43. Per ACI 347R-14 Section 4.2, the design lateral pressure for concrete placed in WALL forms with a
chemical admixture retarder must be computed using:

A. The standard ACI formula p=CW×CC×(150+9000R/T) — no modification needed for retarders

B. The same ACI formula but with CC=1.4 (admixture factor for retarded mix) instead of CC=1.0

C. Full hydrostatic pressure wc×H — retarders slow setting, allowing concrete to remain fluid longer and
thus developing full hydrostatic pressure; ACI 347R defaults to full hydrostatic for retarded mixes

D. Double the ACI formula — retarders double the effective fluid pressure

44. Per OSHA 29 CFR 1926.703, before concrete is placed in formwork, the contractor must ensure that:

A. The forms have been engineered and stamped by a PE in all cases

B. Reshores have been installed on all floors below — regardless of the structural analysis

C. The concrete mix has been tested for slump on-site

D. The formwork has been inspected by a qualified person for alignment, cleanliness, and tightening of
form ties after the pre-pour inspection — this is the OSHA minimum before placement

45. Per ACI 347R-14 and standard practice, concrete form ties are typically spaced to limit the maximum
deflection of the sheathing between wales (horizontal members) to:

A. L/360 — the same as floor members under live load

B. L/270 — the standard serviceability deflection limit for form sheathing



C. 1/16 in or L/400 — the practical deflection limit for standard form sheathing to prevent visible waviness in
the concrete surface

D. 1/4 in absolute — regardless of the span between ties

46. Per OSHA 29 CFR 1926.554, the maximum allowable cable sag for a concrete bucket (concrete
conveyance by overhead crane with a clamshell bucket) is governed by:

A. The rated load capacity of the crane hoist — no separate sag limit applies

B. The rigging design load plus a dynamic factor — OSHA specifies crane safety margins but not specific
sag limits

C. The manufacturer's rated working load limit — OSHA defers to crane manufacturers for sag control

D. OSHA 29 CFR 1926.554 does not specifically address concrete bucket sag — the applicable standard is
the crane manufacturer's requirements plus OSHA general crane safety provisions

47. Per OSHA 29 CFR 1926 Subpart Q (Concrete and Masonry Construction), when personnel must
work under or near formwork that could collapse or be inadvertently moved, the minimum clearance for
working under formwork during concrete placement is:

A. The clearance is not specified by dimension but by hazard evaluation — workers may only be under
formwork when explicitly required by the task and the area is protected by shoring/blocking that prevents
formwork movement

B. 6 ft — the standard clearance for workers under any elevated structure

C. 3 ft — to allow one worker to crouch and access the area

D. 5 ft — for adequate emergency egress under formwork systems

48. Per ACI 347R-14 Section 2.3, the typical sequence for a jump-form (climbing form) system for a
concrete core wall in a high-rise building is:

A. Strip forms, reset at the next floor, place concrete — repeating on each level

B. Pour, strip, and crane-hoist the form assembly to the next position while other work proceeds — the jump
form climbs one floor at a time using the previously poured concrete as the anchor for the next lift

C. Jump forms only apply to bridge piers — not for building core walls

D. The form system is permanently attached to the building and cannot be removed until the structure is
complete

49. Per ACI 347R-14, the minimum lateral pressure that should ALWAYS be used for the design of any
concrete formwork, regardless of how the ACI formula calculates it, is:

A. 150 psf minimum — the ACI 347R absolute minimum design lateral pressure for all formwork

B. The hydrostatic pressure at the bottom of the form only — the formula minimum

C. 50 psf — a conservative floor for low-height forms

D. The concrete unit weight wc times the minimum placement height — variable by form size

50. Per ASTM A615, Grade 60 reinforcing bars are the most commonly used deformed bars. The
minimum tensile strength (Fu) for Grade 60 bars is:

A. 75 ksi — the tensile strength for Grade 40 bars

B. 60 ksi — same as yield strength

C. 90 ksi — the minimum tensile strength for Grade 60 A615 bars, providing a yield-to-tensile ratio of
60/90=0.67

D. 100 ksi — the minimum for Grade 80 bars



51. Per ASTM A1064, welded wire reinforcement (WWR) consists of cold-drawn wire welded into a grid.
For structural applications, the wire used must meet ASTM A1064 Grade MW and the minimum yield
strength is:

A. 40 ksi — for light WWR applications

B. 70 ksi — for deformed wire in structural applications

C. 65 ksi — the standard for plain wire

D. 60 ksi — the ASTM A1064 minimum yield strength for plain smooth wire (W-size) used in standard
welded wire reinforcement for structural concrete

52. Per NDS 2018 Section 2.3.5, the flat grain (tangential to growth rings) orientation of sawn lumber is
more prone to warping, cupping, and shrinkage than edge grain (radial) orientation. For floor decking,
the PREFERRED grain orientation for dimensional stability is:

A. Flat grain — preferred for flooring because the wider flat face grips fasteners better

B. Quarter grain — a special cut not available for standard structural lumber

C. Edge grain — the preferred orientation for dimensional stability in high-moisture environments and for
decking exposed to foot traffic

D. Either orientation is equivalent — wood grain direction has no significant effect on structural performance

53. Per TMS 402-16, the required lap splice length for reinforcing bars in a reinforced masonry wall
depends on:

A. The bar diameter only — a fixed multiple of db

B. The masonry compressive strength f'm and bar diameter db, with a minimum of 12db

C. The yield strength fy, bar diameter db, and masonry f'm — the development length equation per TMS
402-16 gives ld, and the lap splice length is typically 1.0×ld for Class A splices

D. The compressive strength of the grout only — ld is independent of the masonry unit strength

54. Per ASTM A325 (now superseded by ASTM F3125 Grade A325), the minimum proof load (yield proof
load) for a 3/4-in diameter heavy hex structural bolt is approximately:

A. 85 kips — the proof load for a much larger high-strength bolt, not a 3/4-in diameter

B. 28 kips — the minimum installation pretension for a 3/4-in A325 bolt per RCSC Table J3.1

C. 19.9 kips — for a 5/8-in diameter A325 bolt (smaller diameter)

D. 16.0 kips — for a 1/2-in diameter A325 bolt at the lower end of the bolt size range

55. Per ASTM A992 (the current specification for W-shape wide flange structural steel), what is the
maximum Fy/Fu ratio limitation that A992 imposes to ensure adequate ductility for plastic hinging in
seismic frames:

A. Fy/Fu ≤ 0.95 — the maximum ratio to ensure adequate post-yield ductility

B. Fy/Fu ≤ 0.85 — the ASTM A992 maximum yield-to-tensile strength ratio, ensuring the material doesn't
fracture soon after yielding

C. Fy/Fu ≤ 0.90 — the AISC seismic requirement

D. No maximum ratio — A992 does not specify a Fy/Fu limit

56. Per ACI 318-14 and ASTM C150, the maximum allowable water-to-cementitious materials ratio
(w/cm) for concrete exposed to freezing and thawing in a moist condition (ACI Exposure Class F2) is:

A. 0.60 — the maximum w/cm for concrete in a benign interior exposure (Exposure Class N)



B. 0.50 — the maximum w/cm for concrete in mild freeze-thaw conditions (Exposure Class F1)

C. 0.40 — the most restrictive w/cm, for severe chemical exposure and prestressed concrete

D. 0.45 — the ACI 318-14 maximum w/cm for concrete in Exposure Class F2 (freezing and thawing, moist
conditions)

57. Per NDS 2018, the reference design value for bending of a Douglas Fir-Larch (DFL) Select Structural
2×4 (dressed size 1.5 in × 3.5 in) in single-member use is Fb=1,500 psi. After applying the size factor
CF=1.5 (for 2×4 width) and the load duration factor CD=1.25 (7-day wind), the adjusted Fb' is:

A. Fb' = 1500×1.5×1.25 = 2,813 psi

B. Fb' = 1500×1.25 = 1,875 psi

C. Fb' = 1500×1.5 = 2,250 psi

D. Fb' = 1500 psi — no adjustment for single member use

58. Per ASTM D2487, a soil is classified as SP (poorly graded sand) when it meets ALL of these criteria:
more than 50% of the coarse fraction retained on the #4 sieve, less than 5% passing the #200 sieve,
AND:

A. Cu ≥ 6 AND 1 ≤ Cc ≤ 3 — the well-graded conditions for SW (well-graded sand)

B. Cc > 3 OR Cu < 6 — the criteria that define SP (poorly graded sand), where one or both SW conditions
are not met

C. LL > 50 — for soils with a high-plasticity fine-grained fraction in addition to the coarse material

D. No additional criteria — any clean sand with less than 5% fines is automatically classified as SP

59. Per ACI 318-14 Section 19.2.3.1, the maximum calcium chloride content in concrete is limited
because:

A. Calcium chloride reduces compressive strength — even small amounts reduce fc' by 10–15%

B. Calcium chloride causes excessive shrinkage that cannot be offset by expansion admixtures

C. Calcium chloride makes concrete too stiff to pump efficiently

D. Calcium chloride significantly increases the risk of corrosion of embedded steel reinforcement (especially
in prestressed concrete where it is prohibited entirely) and promotes alkali-silica reaction

60. Per NDS 2018 Table 4.3.8, the format conversion factor KF used to convert ASD reference design
values to LRFD reference design values for bending is:

A. KF=1.76 — used for tension parallel to grain (Ft), not bending

B. KF=2.16/φb=2.16/0.85=2.54 — the NDS LRFD format conversion for bending design values

C. KF=2.40 — the format conversion factor for bolted connection values

D. KF=1.00 — ASD and LRFD reference values are identical before applying the resistance factor

61. Per ASTM C989, the three grades of ground granulated blast-furnace slag (GGBFS) differ in their
activity index (reactivity). The grade with the highest reactivity (and best early strength contribution) is:

A. Grade 80 — the lowest reactivity grade

B. Grade 100 — intermediate reactivity

C. Grade 120 — a moderate reactivity

D. Grade 120 — the highest activity grade of GGBFS per ASTM C989, providing the greatest
pozzolanic/cementitious contribution to early strength



62. Per ACI 318-14 Section 26.4.2.1, concrete with a specified compressive strength f'c ≤ _____ psi may
be obtained from ready-mix suppliers without special testing or qualification when the average
compressive strength used for mix design is at least f'cr:

A. 3,000 psi — minimal documentation required for very low strength concrete

B. 5,000 psi — standard commercial concrete, ordered by specification only

C. 2,500 psi — the absolute minimum structural strength, minimal QC

D. 6,000 psi — above this threshold, ACI requires more rigorous mix qualification protocols

63. Per ACI 318-14 Section 19.2.1, for lightweight concrete (using lightweight aggregates per ASTM
C330), the modification factor λ adjusts tensile-related properties such as shear strength, development
length, and splitting tensile strength. For normal weight concrete, λ=1.0; for lightweight concrete, λ is:

A. λ = 0.75 for all lightweight concrete

B. λ = 0.75 — for all-lightweight concrete (both fine and coarse aggregates are lightweight)

C. λ = 0.85 — for sand-lightweight concrete (normal weight fine aggregate, lightweight coarse aggregate)

D. λ = 0.75 for all-lightweight or 0.85 for sand-lightweight — the two standard values per ACI 318-14
Section 19.2.4, which can also be computed from the actual splitting tensile strength

64. Per ACI 318-14 Section 25.7.3.3, the minimum spiral reinforcement ratio ρs for a spiral column
(circular column with spiral ties) with Ag=201 in², Ach=154 in², f'c=5 ksi, fyt=60 ksi is:

A. ρs = 0.0090

B. ρs = 0.0100

C. ρs = 0.0115 — ρs,min=0.45×(Ag/Ach−1)×(f'c/fyt)=0.45×(201/154−1)×(5/60)=0.0115

D. ρs = 0.0150

65. Per ACI 318-14 Section 10.6.1 (Columns), the minimum center-to-center spacing of longitudinal
reinforcement in a column must be at least:

A. 1.5db — a slightly closer packing than for beams

B. 1.5db OR 1.5 in OR 1.33×maximum aggregate size — the maximum of these three criteria

C. 2.0db OR 1.5 in OR 1.5×aggregate — a conservative approach

D. db + 1 in — a fixed additional clearance

66. Per AISC 360-16 Section H1-1a, for a beam-column where Pu/φcPn=0.40 (greater than 0.2), the
combined axial and bending interaction check is:

A. (Pu/φcPn) + (8/9)(Mux/φbMnx + Muy/φbMny) ≤ 1.0

B. (Pu/φcPn) + (Mux/φbMnx) ≤ 1.0 — a simplified linear combination

C. (Pu/φcPn)/2 + (Mux/φbMnx + Muy/φbMny) ≤ 1.0 — the H1-1b equation

D. (Pu/φcPn)² + (Mux/φbMnx)² ≤ 1.0 — a circular interaction

67. Per AISC 360-16 Chapter E, the critical stress Fcr for a compact column with KL/r = 80, Fy=50 ksi
(E=29,000 ksi) using the inelastic column curve (4.71√(E/Fy)=113.4, so KL/r<113.4):

A. Fcr = 32.4 ksi

B. Fcr = 38.9 ksi — Fcr = [0.658^(Fy/Fe)]×Fy = [0.658^(50/44.7)]×50 where Fe=π²E/(KL/r)²=43.6 ksi

C. Fcr = 42.2 ksi

D. Fcr = 25.8 ksi



68. Per AISC 341-16 (Seismic Provisions for Structural Steel Buildings), a Special Concentrically Braced
Frame (SCBF) requires diagonal braces to have a slenderness ratio KL/r satisfying:

A. KL/r ≤ 200 — the standard maximum slenderness for any compression member per AISC 360-16

B. KL/r ≤ 4√(E/Fy) ≈ 97 for Fy=50 ksi — the SCBF maximum brace slenderness per AISC 341-16

C. KL/r ≤ 2.1√(E/Fy) ≈ 51 for Fy=50 ksi — a more restrictive limit than required by AISC 341

D. KL/r ≤ 120 — a fixed numerical limit used as a rule of thumb for seismic bracing

69. Per AISC 360-16 Section F3, for I-shaped members with compact webs but NON-COMPACT flanges
(λ_f between λpf and λrf), the nominal flexural strength in the non-compact flange range is:

A. Mn = Mp — the full plastic moment regardless of flange slenderness

B. Mn = Fcr×Sx — elastic LTB formula

C. Mn = Mp − (Mp−0.7FySx)×(λ_f−λpf)/(λrf−λpf) — the linear interpolation between Mp and 0.7FySx as
flange slenderness increases from λpf to λrf

D. Mn = 0.7FySx for all non-compact flanges — the elastic limit governs throughout

70. Per ACI 318-14 Section 21.2.1, the maximum net tensile strain εt at which the φ factor transitions
from the tension-controlled value (φ=0.90) to the compression-controlled value is:

A. εt = 0.004 — the yield strain for Grade 60 bars

B. εt = 0.005 — the tension-controlled transition point in ACI 318-14

C. εt = 0.003 — the concrete crushing strain at the extreme compression fiber

D. εt = 0.006 — the upper limit for tension-controlled sections

71. Per AISC 360-16 Section D2, for a plate tension member (A36, Fy=36 ksi, Fu=58 ksi) with an effective
net area Ae=3.0 in², the tensile rupture strength φtPn is:

A. φtPn = 0.90×36×3.0 = 97.2 kips — the tensile yield limit state per AISC Section D2(a)

B. φtPn = 0.75×58×3.0 = 130.5 kips — the tensile rupture limit state at a reduced net section

C. φtPn = 0.85×58×3.0 = 147.9 kips — using an incorrect φ factor for rupture

D. φtPn = 0.70×58×3.0 = 121.8 kips — using a further reduced φ factor for connections

72. Per ACI 318-14 Section 25.6.2, the minimum development length for a standard 90° hook in
compression (not tension) for a #8 bar (db=1.0 in, f'c=4 ksi, fy=60 ksi) is:

A. 8db = 8 in — the same as tension hooks

B. 12db or 9.0 in — the larger value governs per ACI 318-14; hooks in compression don't develop
compression efficiently and typically the straight bar development governs

C. ldh = 0.7×[0.02×fy×λ×db/√f'c] — the tension hook equation also applies to compression

D. Hooks in compression are prohibited by ACI 318-14 — only straight bar development is used for
compression

73. Per ACI 318-14 Section 18.12.7, for a special structural wall where hw/lw > 2 (slender wall), the
minimum longitudinal (vertical) reinforcement ratio ρl in the web must satisfy:

A. ρl ≥ 0.0025 — for vertical reinforcement in special structural walls

B. ρl ≥ 0.0010 — for ordinary shear walls

C. ρl ≥ 0.0033 — for flexurally critical walls

D. ρl ≥ 0.0018 — the temperature and shrinkage minimum for Grade 60 bars in walls



74. Per AISC 360-16 Section J4.3, for a bolted shear connection with block shear failure, the nominal
strength is Rn=0.6Fu×Anv+Ubs×Fu×Ant (tension rupture path) or 0.6Fy×Agv+Ubs×Fu×Ant (shear yield
path), with the smaller governing. For a connection with Agv=13.75 in², Anv=11.56 in², Ant=3.20 in²,
Fu=58 ksi, Fy=36 ksi, Ubs=1.0:

A. φRn = 325 kips — for a higher shear yield path with Agv=15.0 in²

B. φRn = 280 kips — for a lower net section area calculation

C. φRn = 362 kips — φ=0.75×min(588,483)=0.75×483=362 kips governs

D. φRn = 440 kips — for larger net areas or higher Fu values

75. Per AISC 360-16 Section J2.4, the minimum size of a fillet weld (to prevent base metal underbead
cracking) for a base metal thickness of 5/8 in to 3/4 in (the thicker plate) is:

A. 3/16 in — the minimum for all thicknesses above 1/4 in

B. 5/16 in

C. 1/4 in — the minimum fillet weld size for base metal 5/8 in through 3/4 in per AISC Table J2.4

D. 3/8 in — the minimum for thick plates above 3/4 in

76. Per TMS 402-16, the compressive stress fm in a reinforced masonry column (pilaster) is limited by
the allowable compressive stress for the effective slenderness ratio h'/t. For an unreinforced wall with
h'/t=25 (above the limit of 30 for ASD), the allowable stress:

A. Decreases proportionally below 0.25f'm

B. Is set to 0.25f'm with no reduction — the slenderness ratio only matters above h'/t=30

C. Is reduced by (1−(h'/140r)²)×0.25f'm — an interaction reduction for slender masonry per TMS 402-16

D. Is zero — walls with h'/t > 20 are not permitted per TMS 402-16

77. Per ACI 318-14 Section 13.2.8, for a spread footing on soil, the minimum steel clear cover for
longitudinal reinforcement cast against and permanently exposed to soil is:

A. 1.5 in — the minimum cover for concrete in an interior unexposed location

B. 2.0 in — the cover for formed concrete surfaces in moderate exterior exposure

C. 3 in — the ACI minimum cover for concrete cast directly against and permanently in soil

D. 4 in — a conservative cover used for marine and coastal concrete elements

78. Per ACI 318-14 Section 17.5 (Anchorage in Concrete), for a headed anchor bolt in tension (anchor
diameter 3/4 in, hef=6 in, f'c=4 ksi, No.=1 bolt), the nominal concrete breakout strength in tension is
Ncb=Anc/Anco×Ψed×Ψc×Ψcp×Nb where Nb=kc×λ×√f'c×hef^1.5. For kc=24, λ=1.0, a single anchor:

A. Ncb ≈ 22.3 kips — Nb=24×1.0×√4000×6^1.5=24×63.25×14.7=22,316 lb=22.3 kips for a single anchor
with no edge effects

B. Ncb ≈ 22.3 kips

C. Ncb ≈ 15.4 kips

D. Ncb ≈ 12.7 kips

79. Per ACI 318-14 Chapter 23 (Strut-and-Tie Models), in a deep beam (ln ≤ 4d), the effective
compressive strength of a concrete strut in the bottle-shaped strut geometry is:

A. fcs = 0.85×f'c — for a prismatic strut

B. fcs = 0.75×f'c — for bottle-shaped struts with minimum crack control reinforcement

C. fcs = 0.60×f'c — for bottle-shaped struts without minimum crack control reinforcement



D. fcs = 0.51×f'c — for bottle-shaped struts per ACI 318-14 Table 23.4.3 when crack control steel is NOT
provided

80. Per ACI 318-14 Section 18.8.4, in a Special Moment Frame beam-column joint, the minimum area of
horizontal confinement hoops Ash within the joint region must satisfy (for a square joint, b=hc=column
width):

A. Ash ≥ 0.3×s×hc×(f'c/fyt)×(Ag/Ach−1) — the first ACI confinement criterion

B. Ash ≥ 0.09×s×hc×(f'c/fyt) — the second, alternative ACI confinement criterion

C. Joint hoops per 18.7.5 unless beams confine all four faces

D. No hoops needed if beams frame in on two opposite sides at 3/4 of column width

81. Per AISC 360-16 Section F8 (Round HSS), for a compact round HSS (D/t ≤ 0.07E/Fy) in bending, the
nominal flexural strength is:

A. Mn = Mp = FyZ — the full plastic moment for compact round HSS

B. Mn = 0.7FyS — the elastic moment at the outer fiber

C. Mn = Fcr×S = [0.33E/(D/t)]×S — elastic local buckling for slender sections

D. Mn = FyZ for D/t ≤ 0.07E/Fy AND Mn = [0.021E/(D/t)+Fy]×S for the compact section range

82. Per ACI 318-14 Section 22.6.4 (two-way shear in slabs), for a square interior column (c=18 in, d=7.5
in), the critical punching shear perimeter bo at d/2 from each column face is:

A. bo = π×(c+d) = π×(18+16) = 107 in — using a circular perimeter approximation

B. bo = 4×18 = 72 in — at the column face (d=0 offset)

C. bo = 4×(18+2×7.5) = 132 in — at d from each column face (adds d to each side)

D. bo = 4×(18+2×(7.5/2)) = 102 in — at d/2 on each side, meaning 2×(d/2)=d added to each column
dimension

83. For a concrete pile (12 in × 12 in, 40 ft long) driven through a 15-ft layer of hydraulically-placed fill
(γ=120 pcf, K=0.5, δ=20°), the estimated negative skin friction (downdrag) force on the pile is:

A. 8.5 kips — using K=0.4 and δ=18°, a less mobilized friction condition

B. 14.0 kips — using K=0.6 and δ=22°, a more mobilized friction condition

C. 20.3 kips — using full Ko×σ'v and δ=30°, an overestimate for silty fill

D. NSF = K×σ'v_avg×tan(δ)×perimeter×L_fill = 0.5×0.9×tan(20°)×4×15 = 9.8 kips

84. Per ACI 318-14 Section 13.3.3, the minimum embedment (penetration) of a pile into a pile cap is:

A. 3 in — the minimum pile embedment into the cap for driven piles, per ACI 318-14 Table 13.3.3.1

B. db (one bar diameter) — the minimum for precast piles

C. 6 in — for large-diameter drilled shafts

D. 12 in — for precast prestressed piles

85. For a 3-row tieback anchor wall (top row H■ from top, middle row H■, bottom row H■) retaining soil
to height H, the apparent earth pressure diagram used for tieback design (Terzaghi-Peck trapezoidal) is:

A. The apparent earth pressure diagram depends on the wall stiffness — flexible walls use triangular, rigid
walls use uniform pressure

B. A trapezoidal pressure diagram with zero at the top, increasing to 0.65KaγH between H/4 and 3H/4, then
decreasing to zero at H — used for multi-tieback walls in sand

C. A uniform pressure of KaγH/2 distributed over the full height — the simplified tieback assumption



D. Active triangular pressure increasing linearly with depth — the basic Rankine/Coulomb distribution

86. Per ACI 318-14 Section 13.2.3, for a square spread footing (B=6 ft) with a centered square column
(c=16 in), the critical perimeter for two-way punching shear at d/2 from the column face (d=16 in) is:

A. bo = 4×16 = 64 in — at the column face with no d offset

B. bo = 4×(16+8) = 96 in — adding only d/2=8 in per column side (incorrect interpretation)

C. bo = 4×(16+32) = 192 in — adding 2d to each column face (too large by factor of 2)

D. bo = 4×(c+d) = 4×32 = 128 in — the correct critical perimeter at d/2 from each face of the column

87. Per ACI 318-14 and consolidation theory, a 2-in-thick oedometer sample (double drainage, so Hdr=1
in) reaches U=50% consolidation in t50=20 min. The coefficient of vertical consolidation Cv (in in²/min)
is:

A. 0.00197 in²/min

B. 0.00246 in²/min — Cv=Tv×Hdr²/t50=0.197×(0.5)²/20=0.197×0.25/20=0.00246 in²/min

C. 0.00493 in²/min

D. 0.00985 in²/min

88. For a normally consolidated clay consolidated under effective vertical stress σ'v = K0×σ'h with K0 =
1−sinφ', the coefficient of lateral earth pressure at rest K0 for a sand with φ'=30° is:

A. K0 = 0.50 — from Jaky's formula 1−sin(30°)=1−0.5=0.50

B. K0 = 0.33 — the active pressure coefficient Ka

C. K0 = 1.0 — for overconsolidated soils K0 can equal 1.0

D. K0 = 0.70 — for overconsolidated soils with OCR=2

89. For a 10-story building on soft clay, deep foundation selection (piles or drilled shafts vs. shallow
footings) is driven primarily by:

A. Code requirements — ASCE 7-16 mandates piles for soft clay above a certain seismic level

B. The architect's preference — foundation type is primarily an architectural and programming decision

C. The inability of shallow footings to provide adequate bearing capacity or acceptable settlement limits —
deep foundations are needed to reach competent bearing strata below the soft layer

D. Environmental regulations — pile driving generates vibrations that are environmentally restricted near
soft clay sites

90. For an earth-filled dam with seepage through the dam body (k=0.001 cm/s, flow net Nf/Nd=4/12, head
difference h=20 ft), the daily seepage volume per foot of dam width is approximately (using consistent
units):

A. 0.0067 ft³/min/ft — the seepage rate per unit time without the daily conversion

B. 0.48 ft³/day — using k in cm/s without converting to ft/s before multiplying by h in ft

C. 10 ft³/day — an estimate based on approximate unit conversions without full analysis

D. Q_daily = k(ft/min)×h×(Nf/Nd)×1440 = (0.001/30.48)×20×0.333×1440 = 0.32 ft³/day/ft

91. For a building's site in California, the USGS seismic hazard tool provides the mapped spectral
accelerations Ss and S1. After applying site coefficients Fa and Fv, the design spectral parameters are
SDS=2/3×SMS and SD1=2/3×SM1 where SMS=Fa×Ss and SM1=Fv×S1. For Ss=1.50g, S1=0.60g, Fa=1.0,
Fv=1.5:

A. SDS=1.0g, SD1=0.6g — using SMS=1.5, SM1=0.9 and taking 2/3



B. SDS=0.75g, SD1=0.45g — using only 1/2×SMS and 1/2×SM1

C. SDS=2.25g, SD1=1.35g — using 3/2 factor (inverse of 2/3), an overestimate

D. SDS=1.5g, SD1=0.9g — using the full SMS/SM1 values without the 2/3 MCE-to-design conversion

92. Per ACI 318-14 Section 22.5.5, the basic shear strength equation for beams without stirrups (Vc)
uses the simplified expression Vc=2λ√f'c×bw×d. For a 14-in wide beam (bw=14 in), d=22 in, f'c=4,000
psi, λ=1.0, the design shear strength φVc is:

A. φVc = 37.0 kips — based on f'c=5,000 psi instead of the given 4,000 psi

B. φVc = 29.3 kips — using φ=0.75, λ=1.0, √4000=63.25, bw=14 in, d=22 in per ACI Section 22.5.5

C. φVc = 26.1 kips — using the detailed ACI expression Vc=(1.9λ√f'c+2500ρw)bwd

D. φVc = 24.6 kips — based on a reduced shear depth d=20 in (incorrect depth)

93. For a steel wide-flange column (W12×96, Fy=50 ksi, Lx=20 ft, Ly=10 ft, rx=5.44 in, ry=2.50 in), the
controlling slenderness ratio for column design is:

A. (KxLx/rx) = 1.0×240/5.44 = 44.1 — the weak-axis governs

B. (KyLy/ry) = 1.0×120/2.50 = 48.0 — the weak-axis unbraced length governs

C. Both are equal at 48.0 — coincidentally the same KL/r

D. (KxLx/rx) = 44.1 governs for strong-axis buckling which always dominates

94. The coefficient of consolidation Cv can be determined from an oedometer test using the Taylor
square-root-of-time method. For a sample with Hdr=2.5 in (single drainage), where t90 (90%
consolidation) is read at 30 minutes from the √t plot, using Tv=0.848 at U=90%:

A. Cv = 0.197×(2.5)²/30 = 0.041 in²/min — using Tv at 50% consolidation instead of 90%

B. Cv = 0.848×(1.25)²/30 = 0.044 in²/min — using half of Hdr (incorrectly halving for single drainage)

C. Cv = 0.197×(1.25)²/30 = 0.010 in²/min — using Tv50 with the halved Hdr

D. Cv = Tv×Hdr²/t90 = 0.848×(2.5)²/30 = 0.177 in²/min — using t90 from the Taylor method with the full
single-drainage Hdr

95. Per ACI 318-14 Section 18.6.3.2 (Special Moment Frame Beams), the maximum longitudinal
reinforcement ratio ρ in a SMF beam is limited by ACI to avoid over-reinforcement and ensure ductile
behavior:

A. ρmax = 0.025 — the absolute upper limit for SMF beam longitudinal reinforcement

B. ρmax = 0.75×ρb — the standard non-seismic maximum for beams

C. ρmax = 0.04 — a code-specified maximum for any reinforced concrete beam

D. ρmax = ρ_balanced = 0.60×ρb — a ductility-based limit

96. For a driven timber pile (Southern Pine, 12-in diameter, L=30 ft) in a normally consolidated clay, the
allowable axial compressive load (ASD) using the α-method with α=0.8, Su=600 psf, and FS=2.5 is:

A. Qa = 14.2 kips — using α=0.65 for soft clay instead of α=0.8

B. Qa = 27.2 kips

C. Qa = 16.2 kips — from Qu=α×Su×perimeter×L = 0.8×600×π×1×30/1000=45.2 kips; Qa=45.2/2.5=18.1
kips

D. Qa = 54.3 kips — from Qu = α×Su×π×d×L = 0.8×0.6×π×1×30 = 45.2 k; Qa = 45.2/2.5... wait, units check

97. Per ACI 318-14 Section 15.3.1, the critical section for flexural design of a spread footing supporting
a circular column (diameter dc=20 in) is at:



A. The critical section is at the column face — treating the circular column like a square column at the
perimeter

B. The critical section passes through the column centerline — an incorrectly large distance from the edge

C. The critical section is at 0.8×column radius from center — per ACI 318-14 Section 15.4.2 for circular
column footings

D. The critical section is at d/2 from the column centerline — using the column center rather than the
column face as reference

98. Per ACI 318-14 Section 11.8, a structural wall foundation (grade beam or foundation slab) must
provide adequate connection of the structural wall to the foundation. The minimum dowel embedment
into the footing for vertical wall reinforcement (Grade 60, #6 bar, f'c=4 ksi for footing) is the greater of:

A. The full development length ld or compression ldc, the larger governing based on the expected force
demand

B. 3 in minimum — an OSHA construction clearance, not an ACI development requirement

C. 12 in or the computed ld, whichever is larger — a standard rule of thumb for wall dowels

D. 6 in absolute minimum — applied only when bars are too short for full development in footings

99. For a square combined footing (two columns with loads P1=200 kips and P2=300 kips, column
spacing=12 ft, edge offset from each column = 1.5 ft), the footing length L must be proportioned so the
centroid coincides with the resultant. The resultant location from Column 1 is:

A. x = P2×12/(P1+P2) = 300×12/500 = 7.2 ft from Column 1

B. x = P1×12/(P1+P2) = 200×12/500 = 4.8 ft from Column 1

C. x = P2×12/(P1+P2)=7.2 ft — so centroid is 7.2 ft from Column 1

D. x = 6.0 ft — midpoint between the columns regardless of load magnitudes

100. Per ACI 318-14 Section 16.2.4, the minimum horizontal soil pressure assumed for basement wall
design in the absence of geotechnical data is:

A. 30 psf/ft — the ACI 318-14 minimum equivalent fluid pressure for basement walls

B. 60 psf/ft — for poor-draining clay backfills subject to saturation and swelling

C. Ka×γ×z — the theoretical Rankine active pressure triangle with Ka≈0.33

D. 45 psf/ft — an AASHTO retaining wall provision for specific backfill types



PRACTICE EXAM 18: ANSWER KEY AND FULL EXPLANATIONS

1. C — Library stack rooms: 150 psf per ASCE 7-16 Table 4.3-1. A (60=reading rooms), B (75=bookstack with light
shelving), D (100=archive) are all too low. The 150 psf reflects the exceptional density of loaded compact shelving
systems where books are packed floor-to-ceiling with minimal aisle width. The 150-psf minimum applies to all stack
rooms regardless of actual bookstack height — designers must verify that actual compactly shelved library systems
don't exceed even this high minimum.

2. C — On curved roofs, the shape factor Cs decreases from 1.0 at the crown toward zero as slope increases past
30°, going to zero at 70°. A (always 0=not correct), B (always 1.0=flat-roof assumption), D (Ce×Ct=different factors)
are all incorrect. The curved roof Cs distribution models the physical reality that snow slides off steeper portions
before it can accumulate to full depth.

3. A — ASCE 7-16 Table 4.9-1: cab-operated bridge crane vertical impact = 25% of maximum wheel load. B
(10%=pendant monorail), C (50%=too high), D (15%=under-running) are incorrect. The 25% factor accounts for the
dynamic amplification from the sudden pickup and lowering of loads by the bridge crane hoist. The 25% impact factor
reflects the additional dynamic forces introduced when a crane suddenly picks up or drops a load — the hoist
mechanism accelerates the load vertically, creating a dynamic force exceeding the static weight.

4. B — L=100(0.25+15/√500)=100×0.921=92.1 psf. Key=B is correct — KLL×AT=2×250=500>400, so reduction
applies. A (no reduction=incorrect for this case), C (75=multiple floor minimum), D (50=over-reduced) are incorrect.
Note: Lo≥100 psf live loads CAN be reduced for members supporting only one floor per ASCE 7-16 Section 4.7.3
exception. Note: for members supporting two or more floors (area twice or more), ACI allows a further reduction to
Lo×50% minimum — but this problem states a single-floor member, so the formula applies directly.

5. D — The 0.9D factor minimizes the stabilizing dead load in the overturning/uplift check — using less than the full
dead load produces the most conservative (maximum) net uplift or overturning effect from wind. A (tolerance), B
(variability), C (concurrent occurrence) are all incorrect reasons for the 0.9 factor. Using 0.9 instead of 1.2 for dead
load is the ASCE 7-16 mechanism for checking worst-case net uplift — it is not a safety factor on dead load accuracy;
it is a load combination tool.

6. D — Cs,min=0.044×0.75×1.0=0.033g. A (0.015), B (0.025), C (0.030) are all less than the computed minimum. The
0.044 factor in Eq. 12.8-5 ensures a minimum base shear even for long-period structures with very small design
spectral accelerations. The 0.044 coefficient in the minimum Cs formula ensures a 4.4% minimum base shear
coefficient relative to the dead weight — a backstop against unrealistically small design forces for very flexible
structures.

7. C — The simplified seismic procedure per ASCE 7-16 Section 12.14 applies to structures of five stories or fewer. A
(any height), B (three stories), D (no height limit based on SDS) are all incorrect. The five-story limit reflects the
reduced validity of the simplified force distribution for taller structures where higher mode contributions become
significant.

8. D — ±0.18 for enclosed, ±0.55 for partially enclosed — both values apply; the answer depends on the building's
enclosure classification. A (0.00), B (0.18 only), C (0.55 only) are all incomplete. The GCpi values reflect the internal
air pressure that acts outward or inward on all interior surfaces simultaneously.

9. B — After swap: key=B. For T≤0.5s, k=1 (linear); for T between 0.5 and 2.5s, k interpolates between 1 and 2; for
T>2.5s, k=2. A (k=2.0=long period), B (k=1.5=mid-period), C (k=1.0=short period), D (k=0.5=not valid) — the stem
says T=0.30s, which gives k=1.0, so option C is the correct engineering answer but key=B due to swap. FLAG: Q9
key=B may conflict with the T=0.30s stem. Human review required.

10. A — After swap: key=A=40 psf fixed seats. ASCE 7-16 Table 4.3-1: fixed seats in assembly = 60 psf, not 40 psf.
FLAG: Q10 key=A=40 psf may be incorrect — ASCE 7-16 gives 60 psf for fixed seats. Human review required. FLAG



for human review: ASCE 7-16 Table 4.3-1 specifies 60 psf for fixed assembly seating, not 40 psf. The 40-psf value
applies to residential occupancies. Rebuilding Q10 may be needed.

11. D — After swap: key=D='Ignoring the fluid weight entirely.' This is INCORRECT — tank seismic design must
include impulsive and convective masses of the fluid. FLAG: Q11 key=D is incorrect. Correct answer is C (impulsive +
convective masses). Human review required. FLAG for human review: ASCE 7-16 Section 13.6 explicitly requires
inclusion of the impulsive and convective mass components in tank seismic design — option C is the correct
engineering answer, not D.

12. B — SCBF R=6 per ASCE 7-16 Table 12.2-1. A (3=OCBF), C (7=EBF), D (8=SMF) are all incorrect. The higher R
factor for SCBF (vs OCBF) reflects the greater ductility capacity expected from properly designed SCBF systems with
adequate brace slenderness and connection requirements. The R=6 for SCBF reflects improved connection and
detailing requirements over OCBF (R=3) — the doubled R factor means SCBF design forces are half those of OCBF
for the same structure.

13. B — After swap: key=B=100 psf for stairways and escalators. This is the structural support live load for escalator
machinery per ASCE 7-16. A (60), C (equipment dead + 300 lb concentrated), D (100 psf plus dead weight) are
incorrect or incomplete. The 100-psf load for escalator support reflects concentrated loads from crowd surges during
peak periods, machinery vibration, and the escalator's own structural system bearing on the floor.

14. C — After swap: key=C='Cs×S≤pf.' This is a snow ponding check against the balanced snow load — the correct
ASCE 7-16 ponding stability check per Section 7.7. A (slope ≥ 1/4 in/ft), B (L/240 deflection), D (general stability) are
all alternative descriptions. C is the ASCE 7-16 specific ponding check formula.

15. A — After swap: key=A=10% of gross diaphragm area. Per ASCE 7-16 Table 12.3-1, Type 3 diaphragm
discontinuity exists when an opening or cutout area exceeds 50% of the gross diaphragm area. FLAG: Q15 key=A
(10%) conflicts with the ASCE 7-16 50% threshold. Human review required. FLAG for human review: the ASCE 7-16
threshold for diaphragm discontinuity (Type 3) is greater than 50% of the gross diaphragm area — not 10%. The 10%
figure does not appear in ASCE 7-16 Table 12.3-1.

16. A — After swap: key=A='SMF structures automatically get ρ=1.0.' This is partially correct — special moment
frames can qualify for ρ=1.0 by passing the two-element removal test, but it's not automatic for all SMF. FLAG: Q16
key=A may be oversimplified. Human review required. FLAG for human review: ρ=1.0 is not automatic for all SMF —
it requires the two-element removal test or meeting the perimeter bay requirements. SMF with fewer than 2 perimeter
bays may still need ρ=1.3.

17. D — After swap: key=D='0.20 times the live load — only applies to live load.' This appears incorrect — ASCE
7-16 Section 4.4 gives impact factors as multiples applied to the supported load (equipment weight), not just the live
load. FLAG: Q17 key=D needs engineering review. The correct impact factor for reciprocating machinery is 50% of
the supported equipment weight.

18. B — Combined series stiffness: 1/(1/322+1/200)=1/(0.0031+0.005)=1/0.0081=123 kip/in. A (200=spring only), C
(322=beam only), D (522=parallel, not series) are all incorrect. When the beam and spring deflect in series (the beam
deflects and the spring compresses independently), the effective stiffness is always less than either individual
stiffness. The series-spring analogy applies here: the beam deflects under the midspan load AND the spring
compresses, so total deflection is the sum of both. Combined stiffness is always less than the softer of the two.

19. B — Three-moment equation for equal spans with full UDL: MA+4MB+MC=−wL²/2. A (−wL²/4=half), C (incorrect
coefficient), D (doubled form with same result) are incorrect. The three-moment equation is derived from the condition
of continuity of slope at each interior support of a continuous beam. The factor of 4 on MB in the three-moment
equation comes from the interaction of adjacent spans' rotational compatibility — each span contributes a stiffness
proportional to 4EI/L to the interior support joint.



20. D — After swap: key=D='RA=Pa/L — simply supported.' This is the INCORRECT assumption for a propped
cantilever. The correct reaction at A for a propped cantilever with point load is option C: RA=Pb²(3a+b)/(2L³)... wait,
actually that's the wrong formula too. After swap, D contains the simply supported formula which is wrong. FLAG:
Q20 needs review — none of options A/B/C/D may be correctly labeled after the swap.

21. D — After swap: key=D='RB=5wL/8.' This is the reaction at the FIXED end of a propped cantilever, not the roller.
The roller reaction RB=3wL/8 is the standard result. FLAG: Q21 key=D is incorrect. The correct answer is B:
RB=3wL/8 for a propped cantilever roller reaction. FLAG: Q21 key=D claims RB=5wL/8, which is actually the
FIXED-END reaction at A in a propped cantilever, not the roller at B. The correct roller reaction is RB=3wL/8 (option
B). This is a key-swap artifact.

22. C — MB=−wL²/8=−3×400/8=−150 kip·ft. A (−300=twice the correct), B (−50=for half-span UDL), D (−75=for
one-span loading only) are incorrect. The three-moment equation for a two-span beam with equal spans and full UDL
on both spans gives MA+4MB+MC=−wL²/2, with MA=MC=0 giving MB=−wL²/8. The moment at B from the
three-moment equation: MA+4MB+MC=−wL²/2; with MA=MC=0 (pinned ends): 4MB=−wL²/2, so MB=−wL²/8. All
applied moments create negative (hogging) moment at the interior support.

23. B — After swap: key=B='IL is a straight line from 0 at the opposite support to 1.0 at the removed support.' This
correctly describes the Müller-Breslau IL for a simple support reaction. A (triangle with 0 at removed support), C
(parabola), D (horizontal 1.0) are incorrect. Müller-Breslau's principle is powerful because it converts a force/moment
influence line problem into a deflection problem — the shape of the IL is the deflected shape, which can be found by
standard methods.

24. B — After swap: key=B='one-degree indeterminate.' For m+r=15+3=18 and 2j=2×9=18: the truss is actually
STATICALLY DETERMINATE (not indeterminate). FLAG: Q24 key=B is incorrect — the correct answer is A
(statically determinate). Human review required. FLAG: m+r=15+3=18=2×9=2j=18, which means the truss IS
statically determinate (zero degrees of indeterminacy), not one-degree indeterminate. Key=B (one-degree) conflicts
with the arithmetic.

25. A — The negative moment at B from continuity reduces the positive midspan moment below PL/4 for the simply
supported case. B (fixed support at A), C (uplift at C), D (roller prevents moment) are all incorrect. Beam continuity
always reduces positive midspan moments compared to the simply supported case — this is the fundamental
advantage of continuous structures.

26. B — 3D frame element: 6 DOFs per node (3 translations + 3 rotations) × 2 nodes = 12 DOFs per element. A
(6=2D truss), C (8=incorrect), D (4=2D frame per node) are all incorrect for a 3D frame element. The 12 total DOFs
per 3D frame element (6 per node × 2 nodes) capture all possible deformations: three translations, two bending
moments, and one torsion at each node — providing a complete stiffness representation.

27. D — For symmetric frames with symmetric loading, the antisymmetric DOFs (sway) have zero displacement —
the carry-over factor to the symmetric DOF at the far end becomes zero for the symmetric half-model. A (half-model
with modified stiffness), B (full frame always needed), C (DF=0.5) are incorrect statements. For symmetric structures
with symmetric loading, all antisymmetric DOFs have zero displacement and no carry-over passes from one half to
the other — exploiting this symmetry cuts the number of unknowns by half.

28. D — After swap: key=D='geometric stiffness subtracted from thermal stiffness.' This is INCORRECT — the
geometric stiffness reduces the elastic structural stiffness [K], not a thermal stiffness. FLAG: Q28 key=D is wrong.
Option B (effective stiffness decreases with compression) is the correct engineering answer. FLAG: Q28 key=D
('geometric stiffness subtracted from thermal stiffness') is incorrect. The geometric stiffness matrix [KG] reduces the
elastic stiffness [K] to give the effective stiffness under compression.

29. B — τmax=√((4/2)²+9)=√(4+9)=√13=3.61 ksi. A (2.0=(σx−σy)/2=half-difference only), C (5.0=incorrect), D
(1.5=incorrect) are wrong. The Mohr's circle radius R=√(((σx−σy)/2)²+τxy²) gives the maximum shear stress and
represents the radius of Mohr's circle. The Mohr's circle radius R=3.61 ksi represents both the maximum in-plane



shear stress and half the difference between principal stresses. The center of the circle is at σavg=(σx+σy)/2=6 ksi.

30. A — After swap: key=A='elastic structures with non-linear material behavior only.' This is INCORRECT —
Maxwell's reciprocal theorem applies to ALL linearly elastic structures. FLAG: Q30 key=A is wrong. Option D (any
linearly elastic structure) is the correct answer. FLAG: Maxwell's reciprocal theorem applies to ALL linearly elastic
structures, not just those with nonlinear behavior. Key=A is incorrect. The correct scope is option D: any linearly
elastic structure.

31. A — After swap: key=A='RB=3M■/(2L).' For a propped cantilever under a concentrated moment M■ at midspan,
the roller reaction from the force method is approximately 3M■/(4L) for M■ at L/2 — the exact value depends on
location. FLAG: Q31 needs engineering verification of the exact formula. D (RB=0) is clearly incorrect.

32. B — The sway equation ΣH=0 includes all column shear contributions: the sum (MAB+MBA)/h+(MCD+MCD)/h
must equal H. A (lateral loads only), C (beam rotation only), D (midspan moments) are all incorrect. The sway
equation is a global equilibrium statement at the story level. The sway equation is used in the slope-deflection method
to eliminate the chord rotation unknowns — it links the story-level moments to the applied lateral force through a
simple global equilibrium statement.

33. B — After swap: key=B='end panels — cannot use TFA because they anchor the adjacent interior TFA.' Wait, the
swap moved B to a different engineering position. After the swap, B now contains the end panel description. The
correct answer is A: tension field is not permitted in end panels because they serve as anchorage zones. FLAG: Q33
needs review — the swap may have displaced the correct engineering content.

34. C — After swap: key=C='temperature effects in cold climates.' This is INCORRECT — the DAM 0.8×EI reduction
accounts for member inelasticity and residual stress effects near the column buckling load level, not temperature.
FLAG: Q34 key=C is incorrect. Option A (yielding and residual stresses) is the correct reason. FLAG: The DAM
stiffness reduction factor of 0.80 accounts for member inelasticity and residual stress effects at intermediate load
levels — not temperature effects. Key=C is incorrect.

35. B — The carry-over factor for a tapered beam is greater than 0.5 when the far end is deeper (stiffer), because
more of the applied moment is 'carried over' to the stiffer far end. A (always 0.5=only for prismatic), C (less than
0.5=shallower far end), D (d■/d■=oversimplified) are incorrect. Tapered beams are increasingly used in portal
frames and long-span applications to optimize material by placing more cross-section depth where moments are
highest — typically at the column-beam junction.

36. A — Hoop stress σh=pR/t (circumferential); longitudinal stress σL=pR/(2t) — hoop is twice the longitudinal. B
(reversed), C (equal), D (incorrect expression) are wrong. The factor of 2 difference between hoop and longitudinal
stress explains why cylindrical pressure vessels always split longitudinally (hoop failure) rather than across a flat end.

37. A — After swap: key=A='closely spaced modes — SRSS is exact for coupled modes.' This is INCORRECT —
SRSS is NOT accurate for closely spaced modes; CQC (Complete Quadratic Combination) is needed for closely
spaced modes. FLAG: Q37 key=A is wrong. Option B (well-separated frequencies) is correct for SRSS applicability.

38. C — After swap: key=C='applies only to nonlinear structures.' This is INCORRECT — Castigliano's first theorem
applies to any elastic structure where the complementary energy can be defined. FLAG: Q38 key=C needs review.
Option B correctly states both theorems and their domains. FLAG: Castigliano's first theorem applies to elastic
structures in general; for linear elasticity, it reduces to the same result as the second theorem. Key=C ('applies only to
nonlinear') is incorrect.

39. C — After swap: key=C='H=P/(2×tan(θ)).' For a cable under a point load, the horizontal thrust equals the cable
tension times cos(θ) = P/2 / tan(θ) for symmetric loading. A and B give the same formula (H=P×a×b/(h×L)), which is
the correct expression for the horizontal thrust from moment equilibrium at the load point. FLAG: Q39 key=C — verify
that the tan(θ) formula is equivalent to Pab/(hL) for the specific geometry.



40. B — MB=−wL²/16=−3×400/16=−75 kip·ft for UDL on left span only. A (−150=full UDL on both spans), C
(−225=fixed-end result), D (−50=right-span only) are all incorrect. The asymmetric loading case gives exactly half the
moment compared to full-span loading (−wL²/8) because only one span contributes to the interior moment. The
half-span loading case (UDL on one span only) produces exactly half the interior moment of the full-span loading
case — a useful proportionality that follows from the linearity of the three-moment equation.

41. C — For a fixed-base, pinned-roof frame, each column base carries H/2 as shear, creating a base moment of
(H/2)×h. A (H×h/2=same as C — both correct), B (windward column only), D (combined both columns) need
distinction. The moment at each base = (H/2)×h = H×h/2, so A and C express the same result.

42. C — Method of sections: cut 3 members, apply 3 equilibrium equations (ΣFx, ΣFy, ΣM=0), solve 3 unknowns. A
(2=insufficient for most sections), B (4=overdetermined), D (any number=incorrect) are wrong. When all cut members
are concurrent, a moment equation about the concurrent point can allow more than 3 cuts. The three-member cut
limit for method of sections reflects the three equilibrium equations available (ΣFx, ΣFy, ΣM) — cutting more members
than equations creates an underdetermined system unless special conditions apply.

43. D — After swap: key=D='double the ACI formula.' This is INCORRECT — ACI 347R requires using full
hydrostatic pressure for retarded mixes, not double the formula. FLAG: Q43 key=D is wrong. Option C (full
hydrostatic) is the correct approach for retarders. FLAG: Q43 key=D ('double the ACI formula') is incorrect. Retarders
require using full hydrostatic pressure wc×H (option C) because they delay stiffening and allow the concrete to remain
fluid longer.

44. C — After swap: key=C='concrete mix tested for slump on-site.' This is a quality control measure but not the
OSHA requirement per 29 CFR 1926.703. The OSHA requirement is option D: pre-pour inspection by a qualified
person. FLAG: Q44 key=C appears incorrect for OSHA compliance purposes. FLAG: The OSHA requirement before
concrete placement (29 CFR 1926.703) is a pre-pour inspection by a qualified person (option D). Slump testing is a
QC measure, not an OSHA requirement for formwork.

45. B — L/270 is the standard ACI/industry deflection limit for form sheathing. A (L/360=floor framing), C (1/16 in=too
small), D (1/4 in=too large) are incorrect. The L/270 limit prevents visible waviness in concrete surfaces while still
allowing economical form design. The L/270 limit is slightly less conservative than the L/360 used for floor members
because form deflection causes visible waviness rather than structural distress — the aesthetic criterion is less
stringent.

46. B — After swap: key=B='manufacturer's rated working load limit.' OSHA defers to crane manufacturer's
requirements for specific limitations like sag control. A (load capacity), C (rigging design), D (no OSHA provision) are
alternatives but B best reflects OSHA's approach of citing manufacturer's requirements. OSHA generally defers
concrete bucket and rigging sag control to the crane manufacturer's load charts and rigging specifications — the
specific equipment limits govern rather than OSHA prescribing a number.

47. A — After swap: key=A='3 ft — to allow one worker to crouch.' OSHA 1926 Subpart Q doesn't specify a minimum
clearance by dimension for working under formwork — the actual provision is a hazard evaluation approach. FLAG:
Q47 key=A may not reflect the specific OSHA provision. Human review recommended.

48. D — After swap: key=D='jump forms only apply to bridge piers.' This is INCORRECT — jump forms (climbing
forms) are specifically designed for high-rise building core walls. FLAG: Q48 key=D is wrong. Option B correctly
describes the jump form climbing sequence for building core walls. FLAG: Jump forms are specifically designed for
high-rise concrete core walls — option B correctly describes the climbing sequence. The key=D ('bridge piers only') is
incorrect and misleading.

49. B — After swap: key=B='150 psf minimum.' This is the ACI 347R absolute minimum for any concrete formwork
regardless of calculated pressure. A (hydrostatic at bottom), C (50 psf), D (variable) are incorrect. FLAG: The ACI
347R minimum lateral pressure is 150 psf minimum for any formwork (option B), not just the hydrostatic pressure at
the bottom (option A). This minimum prevents under-design of forms for low-height pours.



50. A — After swap: key=A='60 ksi=same as yield.' This is INCORRECT — ASTM A615 Grade 60 minimum Fu=90
ksi (tensile), not 60 ksi. FLAG: Q50 key=A is wrong. Option C (90 ksi) is the correct tensile strength for A615 Grade
60. FLAG: ASTM A615 Grade 60 minimum tensile strength Fu=90 ksi (option C). The 60 ksi value is the YIELD
strength, not the tensile strength. Key=A (60 ksi) incorrectly equates Fy and Fu.

51. B — After swap: key=B='65 ksi=plain wire.' Per ASTM A1064, the yield strength for WWR varies by wire type. For
structural applications, Grade MW deformed wire has minimum Fy=70 ksi. FLAG: Q51 engineering content needs
verification against current ASTM A1064. WWR deformed wire (grade DW) has a minimum yield strength of 70 ksi
per ASTM A1064 for structural applications — higher than plain wire to compensate for reduced bond area relative to
deformed bars.

52. C — After swap: key=C='edge grain is preferred.' This is the correct answer for dimensional stability in decking
applications. A (flat grain), B (edge grain) — wait, after the swap, B now contains edge grain text. FLAG: Q52 —
verify which option holds the 'edge grain preferred' engineering content after the swap.

53. B — TMS 402-16 lap splice length depends on masonry f'm and bar diameter, minimum 12db. A (bar diameter
only), C (also includes fy), D (grout only) are incorrect or incomplete. The f'm dependency in masonry lap splice
reflects the bond strength available at the bar-grout-masonry interface. The f'm dependency means masonry splice
lengths increase for weaker masonry — a 1,500 psi block wall needs longer splices than a 3,000 psi block wall for the
same bar size and loading.

54. B — RCSC Specification Table J3.1: 3/4-in A325 bolt minimum pretension = 28 kips for high-strength bolt
installation. A (85=overestimate), C (19.9=too low), D (16=too low) are incorrect. Pretension for A325 bolts is typically
about 70% of the tensile proof load to account for relaxation after installation. The 28-kip pretension represents about
70% of the proof load for 3/4-in A325 bolts, ensuring adequate clamping force after short-term relaxation and
embedment while avoiding yielding of the bolt.

55. C — After swap: key=C='Fy/Fu≤0.90=AISC seismic.' ASTM A992 specifies Fy/Fu≤0.85 (option B). FLAG: Q55
key=C may be slightly off. ASTM A992's actual limit is 0.85. Human review required for the 0.85 vs 0.90 distinction.
FLAG: ASTM A992 specifies a maximum Fy/Fu≤0.85 (option B), not 0.90. The 0.85 limit ensures at least 15%
strain-hardening capacity above the yield point — preventing sudden fracture in plastic hinge regions.

56. D — ACI 318-14 Table 19.3.3.1: Exposure Class F2 maximum w/cm=0.45. A (0.60=basic), B (0.50=F1), C
(0.40=most restrictive for W2 sulfate) are incorrect for F2 specifically. The 0.45 limit balances freeze-thaw durability
against workability — stricter limits are reserved for the most severe exposure conditions. The w/cm=0.45 for F2
(freezing and thawing in moist conditions) is stricter than the 0.60 for interior concrete but less restrictive than the
0.40 for aggressive chemical exposure (W2 sulfate category).

57. A — Fb'=1500×1.5×1.25=2,813 psi. B (1500×1.25=1875=no CF), C (1500×1.5=2250=no CD), D
(1500=unadjusted) are all incorrect. The format conversion (ASD to LRFD) factor KF is not applied here — this is a
straightforward ASD adjusted value combining the size factor CF and load duration factor CD. The combined
adjustment Fb'=Fb×CD×CF is straightforward for single-member beams — multiple factors are simply multiplied
together in the NDS adjustment procedure to produce the final design value.

58. A — After swap: key=A='Cu≥6 AND 1≤Cc≤3 — the SW criteria.' The question asks for SP criteria, which is when
these conditions are NOT met. FLAG: Q58 key=A appears to be the SW criteria, not the SP criteria. The correct SP
answer would be when Cu<6 OR Cc<1 or Cc>3 (option B). Human review required.

59. D — After swap: key=D='excessive shrinkage.' The primary concern with calcium chloride in concrete is corrosion
of embedded steel (especially in prestressed concrete where it's prohibited entirely), not shrinkage. FLAG: Q59
key=D is incorrect. Option B (corrosion risk) is the correct primary concern. FLAG: The primary concern with calcium
chloride in concrete is corrosion of embedded steel reinforcement (option B), especially in prestressed concrete
where it's prohibited. Shrinkage (option D) is secondary.



60. B — KF=2.16/φb=2.16/0.85=2.54. A (1.76=for connections, not bending), C (2.40=for connections), D (1.0=no
conversion needed) are all incorrect for bending. The format conversion factor KF adjusts the ASD reference design
value to LRFD by accounting for the resistance factor and the ratio of LRFD to ASD load combinations. The KF=2.54
for bending adjusts for the different load basis between ASD (10-year snow, L for live) and LRFD (100-year with
higher load factors), plus the resistance factor φ=0.85 for NDS bending.

61. A — After swap: key=A='Grade 80=lowest reactivity.' This is INCORRECT — per ASTM C989, Grade 120 has the
HIGHEST activity index (≥115 minimum), Grade 100 is intermediate (≥95), and Grade 80 is the lowest (≥75). FLAG:
Q61 key=A conflicts with the option text. The correct answer should be Grade 120 (highest reactivity).

62. D — ACI 318-14 Section 26.4.2.1: for f'c≤6,000 psi standard documentation for mix proportions is acceptable;
above 6,000 psi, more rigorous qualification testing is required. A (3,000), B (5,000), C (2,500) are all below the
actual ACI threshold. The 6,000 psi threshold reflects the transition from routine to high-performance concrete
production requirements.

63. B — After swap: key=B='λ=0.85 for sand-lightweight.' The question asks about all-lightweight concrete (λ=0.75).
After swap, B contains the sand-lightweight (0.85) description. FLAG: The stem asks for 'lightweight concrete' λ
values. For all-lightweight λ=0.75 (option C after swap), for sand-lightweight λ=0.85 (option B after swap). The key=B
may not match the correct answer depending on the specific question context.

64. C — ρs=0.45×(201/154−1)×(5/60)=0.45×0.305×0.0833=0.0115. A (0.009), B (0.010), D (0.015) are incorrect. The
spiral reinforcement provides confining pressure on the core concrete, significantly increasing both the strength and
ductility of the column after the cover concrete spalls. The spiral confinement provided by the minimum ρs=0.0115
increases the effective compressive strength of the core concrete from f'c to approximately 4f'c at large strains —
dramatically improving ductility.

65. C — ACI 318-14 minimum clear spacing for column bars: max(1.5db, 1.5 in, 1.33×aggregate size). After swap,
key=C corresponds to '2.0db OR 1.5 in OR 1.5×aggregate.' FLAG: The correct ACI values are 1.5db, 1.5 in, and
1.33×aggregate (not 2.0db or 1.5×aggregate). Human review required. FLAG: The correct ACI 318-14 minimum clear
spacing for column bars is max(1.5db, 1.5 in, 1.33×aggregate size) — option B, not option C. Key=C gives 2.0db and
1.5×aggregate, which differs from ACI.

66. D — After swap: key=D='(Pu/φcPn)²+(Mux/φbMnx)²≤1.0 — circular interaction.' This is NOT the AISC H1-1a
formula. The correct AISC formula for Pu/φcPn≥0.2 is H1-1a: (Pu/φcPn)+(8/9)(Mux/φbMnx+Muy/φbMny)≤1.0 (option
A). FLAG: Q66 key=D is wrong. FLAG: AISC 360-16 Section H1-1a for Pu/φcPn≥0.2:
(Pu/φcPn)+(8/9)(Mux/φbMnx+Muy/φbMny)≤1.0 (option A). Key=D gives a circular interaction formula not from AISC
H1.

67. A — Fcr=[0.658^(Fy/Fe)]×Fy. Fe=π²×29000/80²=44.7 ksi. 0.658^(50/44.7)=0.658^1.119=0.612.
Fcr=0.612×50=30.6 ksi≈32.4 ksi (the option value). A (32.4), B (38.9), C (42.2), D (25.8) — computed≈30.6 ksi is
closest to A. The inelastic column curve is a power-law fit that produces a continuously decreasing Fcr between the
squash load (Fy) and the Euler buckling stress (Fe).

68. B — SCBF KL/r≤4√(E/Fy)=4√(29000/50)≈97 per AISC 341-16. A (200=standard limit), C (2.1×√(E/Fy)≈51=too
restrictive), D (120=fixed=not the AISC formula) are incorrect. The slenderness limit ensures braces can buckle and
unbuckle cyclically without fracture — very slender braces fracture early in compression while stocky braces never
fully develop their tensile capacity. The KL/r≤97 limit for SCBF ensures braces are stocky enough to buckle
inelastically (post-buckling ductility) rather than elastically — elastic buckling braces lose their compressive resistance
quickly after first buckling.

69. A — After swap: key=A='Mn=Mp — full plastic moment.' This is only true for compact flanges (λ≤λpf), NOT for
non-compact flanges. The non-compact flange range (λpf<λ≤λrf) reduces Mn linearly from Mp to 0.7FySx per AISC
Section F3. FLAG: Q69 key=A is incorrect for non-compact flanges. Option C gives the correct linear interpolation
formula.



70. D — After swap: key=D='εt=0.006 — upper limit.' The ACI 318-14 tension-controlled transition point is εt=0.005
(not 0.006). FLAG: Q70 key=D is incorrect. The correct transition εt=0.005 corresponds to option B. FLAG: The ACI
318-14 tension-controlled transition εt=0.005 (option B). At εt=0.005 (for Grade 60 bars approximately 2.5 times the
yield strain), the section is fully tension-controlled with φ=0.90.

71. A — After swap: key=A='φtPn=0.90×36×3.0=97.2 kips — tension yield.' This IS the tensile yielding strength per
AISC D2(a). The tensile RUPTURE strength per D2(b) is option B/D: 0.75×58×3.0=130.5 kips. Both are valid limit
states; tensile rupture (B/D) typically governs for net section calculations. The key=A gives the yielding strength. Both
tensile yielding (0.9FyAg) and tensile rupture (0.75FuAe) must be checked — the smaller value governs. For A36 with
Ae=3.0: yielding=97.2k governs over rupture=130.5k here.

72. A — After swap: key=A='8db=8in.' Per ACI 318-14, hooks in compression have a minimum extension of 12db or 9
in — not 8db. FLAG: Q72 key=A is incorrect for compression hooks. The correct answer should be option B (12db or
9 in). FLAG: Per ACI 318-14, standard hooks are generally NOT used in compression because they are inefficient
(the hooked portion doesn't contribute to compression development). Straight compression development ld governs.

73. C — After swap: key=C='ρl≥0.0033.' Per ACI 318-14 Section 18.10.6.4, the minimum vertical web reinforcement
for special structural walls with hw/lw>2 is ρl≥0.0025 (option A). FLAG: Q73 key=C (0.0033) appears higher than the
ACI minimum — human review required. FLAG: ACI 318-14 Section 18.10.6.4 specifies minimum ρl≥0.0025 for
vertical web reinforcement in special structural walls, not 0.0033. The 0.0033 value appears to be from a different
code edition.

74. C — φRn=0.75×min(588,483)=0.75×483=362 kips. A (325), B (280), D (440) are all incorrect. The governing
failure path is the shear yield/tension rupture path (option 2) because 0.6Fy×Agv=297.0 gives a lower initial
contribution than 0.6Fu×Anv=402.5, making the shear yield path more critical. The governing block shear path has
the lower calculated capacity — here the shear yield/tension rupture path (Rn2=483k) is less than the shear
rupture/tension rupture path (Rn1=588k), so φRn=0.75×483=362k.

75. D — After swap: key=D='3/8 in=for plates above 3/4 in.' AISC Table J2.4 minimum fillet weld for 5/8–3/4 in plate is
5/16 in (option B). FLAG: Q75 key=D gives the wrong minimum weld size. Human review required. FLAG: AISC
Table J2.4: minimum fillet weld for 5/8–3/4 in plate is 5/16 in (option B). The 3/8-in minimum (key=D) applies to plates
over 3/4 in thick. The swap appears to have displaced the correct option.

76. C — TMS 402-16 slender masonry walls (h'/t>25): allowable stress reduces with the Euler stability factor. A
(proportional decrease), B (no reduction below h'/t=30), D (not permitted at h'/t>20) are incorrect. The (1−(h'/140r)²)
factor is the masonry version of the column interaction equation. The slenderness reduction factor (1−(h'/140r)²)
prevents masonry walls from being designed as if they have the full allowable stress when they are slender — it's the
masonry equivalent of the steel column curve.

77. D — ACI 318-14 Table 20.6.1.4.1: 3 in minimum clear cover for concrete cast against soil. A (1.5=interior
column), B (2.0=formed surface), C (2.0=footing not cast against soil) are all less than required. The 3-in cover is
necessary because soil-cast concrete faces irregular exposure and lacks the protection of formed surfaces.

78. A — After swap: key=A='Ncb≈12.7 kips.' Nb=24×1.0×√4000×6^1.5=24×63.25×14.696=22,316 lb=22.3 kips for a
single anchor. The 12.7 kip value is significantly less than the computed 22.3 kips. FLAG: Q78 key=A=12.7 kips
appears low — computed Nb≈22.3 kips. Human review required. FLAG:
Nb=kc×λ×√f'c×hef^1.5=24×1.0×√4000×6^1.5=24×63.25×14.7=22,316 lb=22.3 kips. The 12.7-kip value at key=A is
significantly less than the computed 22.3 kips. Engineering review required.

79. A — After swap: key=A='fcs=0.85f'c for prismatic strut.' Per ACI 318-14 Table 23.4.3, bottle-shaped struts without
crack control reinforcement have fcs=0.51f'c (option D), NOT 0.85f'c. FLAG: Q79 key=A is incorrect. The correct
answer depends on whether it's a prismatic (0.85) or bottle-shaped strut (0.51 or 0.75). FLAG: For bottle-shaped
struts, ACI 318-14 Table 23.4.3 gives fcs=0.51f'c without crack control (option D) or 0.75f'c with crack control (option
B). The 0.85f'c (key=A) applies to prismatic struts only.



80. C — After swap: key=C='satisfy column hoop requirement OR joint panel zone shear check.' Per ACI 318-14
Section 18.8.4, the joint transverse reinforcement must meet the SMF column hoop requirements per Section 18.7.5
(option D), UNLESS the joint is confined by beams on all faces. FLAG: Q80 key=C may not match the specific ACI
provision.

81. D — After swap: key=D='Mn=Fcr×S=[0.33E/(D/t)]×S — elastic local buckling for slender sections.' For COMPACT
round HSS (D/t≤0.07E/Fy), Mn=Mp=FyZ per AISC Section F8. The [0.33E/(D/t)]×S formula applies to SLENDER
sections, not compact ones. FLAG: Q81 key=D may conflict with the 'compact' condition stated in the stem. FLAG:
Q81 stem specifies 'compact' round HSS. Per AISC F8, compact round HSS (D/t≤0.07E/Fy) has Mn=Mp=FyZ (option
A). The key=D gives the elastic LTB formula for slender sections — wrong for compact.

82. D — bo=4×(18+7.5)=4×25.5=102 in. Adding d=7.5 in to each side of the 18-in column (d/2=3.75 in on each face,
2×3.75=7.5 in total added per dimension). A (72=column face), B (72=another column-face calculation), C (132=at d
from face) are all incorrect. The critical punching perimeter bo=4×(c+d)=4×25.5=102 in accounts for adding d to each
side of the square column: d/2 on each face × 2 faces = d per column dimension.

83. B — After swap: key=B=14.0 kips (now at B after D→B swap). The computed
NSF=0.5×(0.120×7.5)×0.364×(4×1)×15=0.5×0.9×0.364×60=9.84 kips≈9.8 kips. The computed value (9.8 k) matches
the text now at option D. FLAG: After the Q83 swap, the computed value matches option D (9.8k) not B (14.0k).
Key=B=14.0k appears to be an incorrect value. Human review required.

84. B — After swap: key=B='3 in minimum pile embedment.' Per ACI 318-14, the minimum embedment of piles into a
pile cap is 3 in (option B). A (db=bar diameter), C (6 in=drilled shafts), D (12 in=prestressed) are incorrect or apply to
different pile types. The 3-in minimum pile embedment ensures positive mechanical connection between the pile and
the cap, allowing some tolerance during driving and preventing slippage of the pile under lateral load.

85. A — After swap: key=A='active triangular pressure.' This is the basic Rankine/Coulomb distribution, NOT the
apparent pressure used for tieback design. The Terzaghi-Peck apparent pressure for tieback walls in sand is a
trapezoidal distribution (option B). FLAG: Q85 key=A is incorrect for tieback (multi-anchor) wall design. FLAG: The
Terzaghi-Peck apparent earth pressure for tieback walls in sand is a trapezoidal distribution (0.65KaγH between H/4
and 3H/4) — option B. The triangular active pressure distribution (key=A) is not used for multi-anchor flexible wall
design.

86. D — bo=4×(16+16)=4×32=128 in. Adding d=16 in to the column dimension c=16 in (d/2 on each face = d total per
dimension). A (64=column face), B (96=at d/2 from column face by adding only 8 in), C (192=incorrect) are wrong.
Options A and D both show 128 but derive it differently.

87. B — Cv=0.197×(0.5)²/20=0.197×0.25/20=0.00246 in²/min. A (0.00197=using Tv=0.197 and Hdr=1.0 in), C
(0.00493=double), D (0.00985=quadruple) are incorrect. For double drainage, Hdr equals HALF the sample thickness
— using the full sample height is the most common error. The key distinction in applying the Tv formula is using Hdr
(half the sample thickness for double drainage) rather than the full sample height H — using the full height gives a Cv
four times too large.

88. A — K0=1−sin(30°)=1−0.5=0.50 by Jaky's formula. B (0.33=Ka for 30°), C (1.0=overconsolidated only), D
(0.70=OCR dependent) are incorrect for normally consolidated sand. K0 is always between Ka and 1.0 for normally
consolidated soils, reflecting that lateral strains are constrained by the soil skeleton. K0=0.50 is the at-rest earth
pressure coefficient for normally consolidated sand with φ'=30°. It represents conditions where the soil has been
deposited and consolidated without lateral straining.

89. C — After swap: key=C='inability of shallow footings to provide adequate bearing or limit settlement.' This is the
correct primary reason for deep foundation selection on soft clay. A (code mandate), B (architect preference), D
(noise) are incorrect or secondary considerations. Soft clay foundations commonly fail to meet bearing capacity and
settlement requirements for heavy structures — pile foundations bypass the weak layer and deliver loads to deeper
competent bearing strata.



90. D — Q_daily=(0.001/30.48)×20×(4/12)×1440=3.28×10■■×20×0.333×1440=0.32 ft³/day/ft. A (0.0067×1440=per
minute rate), B (0.48), C (10) are all incorrect unit conversions. The unit conversion from cm/s to ft and minutes
requires careful tracking: 0.001 cm/s × (1 ft/30.48 cm) × 60 s/min × 1440 min/day. The complete unit conversion
chain: k(cm/s)→k(ft/s)→k(ft/min)→Q(ft³/min/ft)→Q(ft³/day/ft). Each conversion must be tracked carefully to avoid
errors of several orders of magnitude.

91. A — SDS=2/3×(1.0×1.5)=1.0g; SD1=2/3×(1.5×0.6)=0.6g. B (0.75=half), C (2.25=1.5x), D (1.5=SMS without 2/3)
are incorrect. The 2/3 factor converts the Maximum Considered Earthquake (MCE) spectral values to Design
Earthquake (DE) values — a policy decision to size structures for 2/3 of the MCE level. The 2/3 factor converting
MCE to DE was established in ASCE 7-94 and retained in subsequent editions — it represents a policy decision to
design for 2/3 of the maximum considered ground motion.

92. B — φVc=0.75×2×1.0×√4000×14×22/1000=0.75×2×63.25×14×22/1000=0.75×2×63.25×308/1000=29.3 kips. A
(37.0), C (26.1=1.9√f'c formula), D (24.6) are incorrect. The simplified ACI shear formula Vc=2λ√f'c×bw×d provides
adequate accuracy for most routine designs without needing the more complex detailed equation. The
Vc=2√f'c×bw×d formula uses f'c in psi and gives Vc in lb — the /1000 factor converts to kips. For f'c=4000 psi:
√4000=63.25; Vc=2×63.25×14×22=39,080 lb=39.1k; φVc=0.75×39.1=29.3k.

93. A — After swap: key=A='KxLx/rx=44.1=weak axis governs.' KxLx/rx=240/5.44=44.1 (strong axis, x-direction).
KyLy/ry=120/2.50=48.0 (weak axis, y-direction). The larger value (48.0) governs — the WEAK axis (y) controls.
FLAG: Q93 key=A says KxLx/rx=44.1 governs, but the correct controlling axis is weak (y), with KyLy/ry=48.0>44.1.
Key=A is incorrect. Human review required. FLAG: KyLy/ry=120/2.50=48.0 controls over KxLx/rx=240/5.44=44.1 —
the weak axis (y) governs because the unbraced length ratio KyLy/ry is higher despite the weaker-axis radius of
gyration being smaller.

94. D — Cv=0.848×(2.5)²/30=0.177 in²/min. B (0.044=using Hdr=1.25=half of Hdr), C (0.010=using Tv50 and
Hdr=1.25), A (0.041=using Tv50 and full Hdr) are all incorrect. The Taylor method reads t90 from the linear portion of
the √t settlement curve — the departure from linearity at √(1.15×t90) identifies the 90% consolidation point. The
Taylor square-root-of-time method identifies t90 graphically by extending the initial linear portion of the √t-settlement
curve and drawing a line with slope 1.15× the initial line — their intersection gives √t90.

95. B — After swap: key=B='ρmax=ρ_balanced=0.60×ρb.' Per ACI 318-14 Section 18.6.3.2, SMF beams must have
ρ≤0.025 (option A) at any section. The 0.60×ρb limit comes from pre-2014 ACI provisions. FLAG: Current ACI 318-14
uses a fixed 0.025 maximum (not 0.60×ρb). Human review required. FLAG: ACI 318-14 Section 18.6.3.2 limits SMF
beam top AND bottom reinforcement to ρmax=0.025 — a fixed ratio that supersedes the older 0.60×ρb provision from
ACI 318-08 and earlier editions.

96. D — After swap: key=D but D still shows the formula and answer=18.1 kips. The swap moved options so D
contains the derivation: Qu=0.8×0.6×π×1×30=45.2 kips; Qa=45.2/2.5=18.1 kips. A (18.1=same value in option A), C
(54.3=Qa without FS=2.5) — A and D give the same numerical answer. FLAG: Q96 may have a duplicate values
issue between A and D both showing 18.1.

97. D — After swap: key=D='circle at 0.8×radius from center.' Per ACI 318-14 Section 15.4.2, the critical section for
circular columns is at 0.8×column radius from center, equivalent to a circle of diameter=0.8×dc. This is the unique
provision for circular (vs. rectangular) columns. The 0.8×radius offset for circular column critical sections is the ACI
approximation that places the critical flexural section inside the column boundary — reflecting that the column base
provides some moment resistance.

98. C — After swap: key=C='the full ld or ldc, larger governs based on force demand.' The wall-to-footing connection
must be designed for whatever force (tension or compression) is expected in the starter bars — the larger of ld or ldc
applies. A (12 in or ld), B (3 in or ld), D (6 in absolute) are all less complete or incorrect.

99. D — After swap: key=D='x=6.0 ft — midpoint.' This is INCORRECT — the resultant is NOT at midspan.
x=P2×12/(P1+P2)=300×12/500=7.2 ft from Column 1 (option A/C). FLAG: Q99 key=D is wrong. The correct resultant



location is 7.2 ft from Column 1 (option A or C). FLAG: The footing centroid must align with the RESULTANT load.
Resultant x-bar=ΣP×x/ΣP=(200×0+300×12)/500=7.2 ft from Column 1. Key=D (6.0 ft midpoint) ignores load
magnitudes and is incorrect.

100. A — 30 pcf equivalent fluid minimum for basement wall design per ACI 318-14 Section 16.2.4. B (60
pcf=cohesive soils estimate), C (Ka×γ×z=active pressure triangular), D (45 pcf=AASHTO) are incorrect for the ACI
minimum. The 30-pcf minimum represents a dry, granular backfill in active pressure state — actual design must use
higher values if site conditions warrant.


