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PRACTICE EXAM 9-- QUESTIONS

DOMAIN 1 -- Loads (Q1-Q17)

1. Per ASCE 7-16 Table 4.3-1, the minimum uniformly distributed live load for hospital operating rooms, laboratories,
and service areasis:

A. 40 psf
B. 80 psf
C. 100 psf
D. 60 psf

2. Per ASCE 7-16 Eq. 12.8-5, the minimum seismic response coefficient Csfor most structuresis 0.044SDSxl e, but not
less than 0.01. For SDS=0.4g and le=1.0, thisminimum is:

A.0.020

B.0.018

C.0.010

D. 0.040

3. Per ASCE 7-16 Section 12.2.5.5, when a building uses a dual lateral system (shear walls plus moment frames), the
moment frames must be designed to independently resist at least what fraction of the design seismic forces?

A. 25% -- the moment frame must carry at least 25% of the total design seismic force independent of the shear walls
B. 33% -- the moment frame acts as a redundant system for 1/3 of the total seismic demand

C. 50% -- equal sharing is required between the primary and secondary systemsin adual system

D. 75% -- the moment frame is the primary system and must carry the dominant share of seismic force

4. Per ASCE 7-16 Section 13.3.1, the seismic design force for a nonstructural component mounted at mid-height
(z/h=0.5) in a building is Fp=0.4xSDSxlexWpx(1+2z/h). For SDS=1.0g, 1e=1.0, and component weight Wp=200 b,
what is Fp (before applying the 0.3SDSxlexWp minimum and 1.6SD SxlexWp maximum)?

A.601b

B. 120 1b

C.1601b

D.2401b

5. Per ASCE 7-16 Section 12.8.1.3, an additional minimum Cs applies to structuresin SDC E or F when S1>=0.6g. In
that case Cs shall not be less than:

A.0.044SDSxle

B. 0.5S1/(R/le)

C. 0.0551

D. 0.5S1xle/(R/le)

6. ASCE 7-16 Section 26.7 defines wind Exposure Category D as applying to sites with open water or flat unobstructed
areas within 5,000 ft of the site. Category D is the most severe exposure because:
A. It resultsin the highest wind speed profile and velocity pressure Kz values, increasing design wind pressure
significantly compared to Exposure B or C

B. Category D requires specia hurricane-resistant design for all exterior wall cladding, even in non-hurricane geographic
zonesinland

C. Category D structures must use the envel ope procedure for wind load determination regardless of building height or
occupancy category
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D. Category D requires certified wind tunnel testing for al buildings exceeding 60 feet in height without exception

7. Per ASCE 7-16 Table 7.3-2, the thermal factor Ct for a structure in which heat is not provided (unheated warehouses,
cold storage) is:

A. Ct=1.0-- standard value for all structures

B. Ct = 1.1 -- dight increase for marginally heated structures

C. Ct=1.2 -- the thermal factor for structures kept just above freezing

D. Ct = 1.3 -- thermal factor for unheated and open structures

8. Per ASCE 7-16 Section 4.5.3, vehicle barriersin parking structures (for restraining vehicles from overrunning edges)
must be designed for a horizontal force of at least:

A. 2,000 Ib applied at 18 in above the floor surface

B. 6,000 Ib applied at 18 in above the floor surface -- for barriers serving parking areas

C. 10,000 Ib applied at 24 in above the floor

D. 1,500 Ib per linear foot distributed uniformly along the barrier

9. Per ASCE 7-16 Table 12.12-1, the allowable story drift limit Deltaa for Risk Category |V structures (hospitals, fire
stations, emergency command centers) using any structural system is:

A. 0.010 hsx -- the most restrictive drift limit, reflecting the need for post-earthquake functionality
B. 0.015 hsx -- intermediate limit for essential facilities with some structural ductility

C. 0.020 hsx -- same as standard occupancy structures

D. 0.025 hsx -- allowed for essential facilities with special seismic isolation systems

10. Per ASCE 7-16 Section 2.4.3, the ASD load combination for seismic (Allowable Stress Design) includes the

seismic force at afraction of the LRFD level. The ASD seismic combination D+0.7E (rather than D+1.0E asin LRFD)
reflects:

A. A lower safety factor for seismic loads compared to wind loads -- ASD uses different reliability levels for earthquake
and wind design

B. The ASD requirement to multiply E by 0.7 to convert the LRFD-level earthquake force to an ASD allowable-stress
basis -- 0.7 achieves consistent reliability between ASD and LRFD for seismic

C. The probability that a design-level earthquake occurs simultaneously with the maximum occupancy liveload -- 0.7 is
the joint occurrence factor

D. The 30% reduction in seismic demand granted to buildings located more than 100 miles from any mapped active fault
in ASCE 7-16

11. Per ASCE 7-16 Section 4.9.2, the impact allowance for machinery with reciprocating or moving parts (such as
compressors, motor-driven machinery) is an increase of what percentage on the live load?

A. 25% -- same as bridge crane impact

B. 50% increase on the machinery weight plus 25% on the operating load

C. 50% -- applied to the loads transmitted to the supporting structure

D. 100% -- reciprocating machinery doubles the design load requirement

12. Per ASCE 7-16 Table 4.3-1, accessible roof decks and terraces (exterior, above grade, with public access) require a
minimum design live load of:

A. 40 psf

B. 60 psf

C. 80 psf

D. 100 psf
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13. For atwo-story building with story weights w1=600 kips (2nd floor), w2=500 kips (roof), and ASCE 7-16 seismic
story forces F2=120 kips (roof), F1=80 kips (2nd floor), the diaphragm design force Fpx at the roof level per ASCE
7-16 Eq. 12.10-1 is Fpx=(ZFi from x to top)/(Zwi from x to top)xwpx. What is Fpx at the roof (wpx=500 Kips,
SDS=1.0, le=1.0)?

A. 100 kips (minimum 0.2SDSlewpx governs)

B. 120 kips

C. 80 kips

D. 200 kips

14. Per ASCE 7-16 Section 12.4.2.2, the vertica seismic load effect Ev in the LRFD combination
(1.2+0.2SDS)D+rhoQE+L +0.2S accounts for the effect of vertical ground acceleration. For SDS=0.75g, the additional
vertical load factor appliedto D is:

A. 0.2xSDSxD = 0.15D -- resulting in total D factor of 1.35 in the compression combination

B. 0.20D -- afixed 20% regardless of SDS value

C. 0.10D -- half of SDS value applied as vertical load factor

D. 0.30D -- equal to SDS when SDS=0.30g

15. Per ASCE 7-16 Section 12.4.2, the total seismic load effect E in LRFD combinations is E=Eh+Ev where Eh=rhoQE
and Ev=0.2SDSxD. This formulation means that when computing 1.2D+1.0E for a seismic load combination, the total
load factor on D becomes:

A. 1.20 -- Ev acts upward and reduces the load factor

B. 1.35 -- for SDS=0.75g, Ev adds 0.15D giving 1.20+0.15=1.35D

C. 1.40 -- the standard amplified dead load factor for all seismic combinations

D. 1.20+0.2SDS -- the combined factor depends on the spectral value and is not a fixed number for all sites

16. Per ASCE 7-16 Section 12.3.4.2, the redundancy factor rho may be taken as 1.0 for structures in Seismic Design
Category B or C. The primary implication is:
A. SDC B and C structures need only one bay of lateral force resistance in each direction
B. SDC B and C structures are not required to pass the two-element removal check that would normally trigger rho=1.3
C. All SDC B structures automatically qualify for rho=1.0 without any lateral system configuration check
D. SDC C structures with Type 5 irregularity still use rho=1.0 -- the redundancy factor does not apply below SDC D

17. Per ASCE 7-16 Section 11.4.3, when site-specific soil properties are not known, the site class used for seismic
design shall default to:

A. Site Class A -- most favorable, conservative on the high side

B. Site Class D -- assumed in the absence of soil investigation data

C. Site Class C -- the median assumption for unknown sites

D. Site Class B -- assumed when the site is known to have rock within 100 ft

DOMAIN 2 -- Analysis of Forcesand L oad Effects (Q18-Q42)

18. A fixed-fixed beam (span L=20 ft) carries a concentrated load P=30 kips at a=8 ft from the left end (b=12 ft from
theright). The fixed-end moment at the left end is FEM_AB=Pab2/L2. What is FEM_AB?

A. 86.4 kip.ft

B. 57.6 kip.ft

C. 120 kip.ft

D. 43.2 kip.ft
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19. The moment of inertia of a triangle about its base (the bottom edge) is Ibase=bh3/12. The moment of inertia about
an axis through the centroid (at h/3 from the base) is:

A. bh3/12 -- the same formula as about the base; the centroid is at the same location as the base for atriangle

B. bh3/18 -- derived by dividing the base formulaby 2, based on the triangle's centroidal height of h/2

C. bh3/24 -- computed by applying the parallel-axis theorem using a centroid at h/4 from the base of the triangle
D. bh3/36 -- the centroidal moment of inertia of atriangle using the parallel-axis theorem shift of h/3 from the base

20. For a simply supported beam (span L) with an overhang of length a beyond the right support, carrying a uniform
load w on the full length (L+a), the deflection behavior is:

A. Always zero at both supports and maximum at midspan -- overhangs do not affect the deflection shape

B. The overhang causes upward deflection (hogging) near the right support, with possible negative (upward) deflection
in the main span if the overhang moment is large enough

C. Always larger than asimply supported beam of equal span -- overhangs always increase deflections in the main span
D. Governed by the deflection formula for a cantilever -- the overhang dominates for any length a>0

21. A propped cantilever (fixed at A, pinned at B, span L=18 ft) carries a concentrated load P=24 kips at midspan (x=9
ft from A). Using compatibility, the fixed-end moment at A is MA=(3PL/16)x2Pab(a+h)/(L2)... for symmetric loading
P at midspan, the reaction at B=5P/16 and MA=3PL/16. What isthe moment at A (MA)?

A. 27 kip.ft
B. 40.5 kip.ft
C. 54 kip.ft
D. 81 kip.ft

22. The tension coefficient method for analyzing three-dimensional pin-jointed trusses (space trusses) replaces member
forces with the tension coefficient t=F/L (force divided by member length). The primary advantage of this approach is:

A. It produces exact bending momentsin 3D truss members, which method of sections cannot provide

B. It simplifies computation of member forces in space frames by working with tension coefficients at each joint,
reducing to simple equilibrium equations without computing member directions separately

C. It eliminates the need to consider all three equilibrium equations -- only 2Fx=0 needs to be applied at each joint

D. It provides the minimum weight design directly without iteration -- tension coefficients directly give the optimal
member cross-sections

23. Using the virtual work (unit load) method for a cantilever frame, the horizontal deflection at the free end of the top
beam is computed by applying a horizontal unit load at that point, computing the virtual moment m(x), then evaluating:
A. 0 =[m(x)xM(x)/(El)dx integrated over all members -- the product of real bending moment M and virtual moment m
per unit El
B. & = ZFxuxL/(AE) summed over all members -- tension-bar energy without bending contribution
C. 6 =m_maxxM_max/(El) -- the product of maximum moments at the critical section only
D. & = Z(mxMxL)/(2El) using only the concentrated moment values at beam ends

24. Two identical columns (each El, length L) are connected by arigid link at midheight and act as a built-up (laced)
column. If they are spaced S apart and the system buckles in the plane perpendicular to the spacing, the effective
buckling load of the composite column is approximately:

A. 2Pcr for each individual column -- the pair buckles as two independent columns

B. 4Pcr -- the composite action doubles the effective column width and quadruples the buckling capacity

C. 8Pcr -- the composite column with spacing S can develop much higher buckling load through the lattice connection

D. Pcr for the composite section computed using the combined moment of inertia|_composite=2(l_own+Ax(5/2)2),
which greatly exceeds 2xindividual Pcr
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25. In the force method (flexibility method) for analyzing an internally indeterminate structure, the redundant force X1
is determined by:
A. Setting the stiffness matrix [K] to zero and solving for displacements directly without knowledge of the applied loads
or boundary conditions
B. Minimizing the total potential energy with respect to X1 -- the redundant that minimizes strain energy isthe
physically correct statically indeterminate solution
C. Writing the compatibility equation: displacement at the redundant release from loads plus displacement from unit
redundant X1 must equal the actual constraint -- solving for X1
D. Applying virtual work to all potential collapse mechanisms and selecting the redundant that produces the highest
theoretical failure load under ultimate loading

26. A fixed-fixed steel beam (alpha=6.5x10m 6/°F, E=29,000 ksi) experiences a temperature gradient: top fiber +80°F
above reference, bottom fiber —20°F, through depth h=24 in. The temperature gradient DeltaT/h produces a curvature
and, in afixed-fixed condition, induces:

A. Only axial force -- temperature gradients never produce bending momentsin beams

B. Only deflection at midspan -- fixed-fixed beams are indeterminate so thermal gradients only cause curvature
C. Neither moments nor axial force -- the structure is free to expand and the fixed ends prevent rotation only

D. Fixed-end moments proportional to alphax(DeltaT/h)xEl at both ends, even without axial restraint, because the
curvature imposed by the gradient is resisted by the fully fixed boundary conditions

27. For a Z-section (antisymmetric cross-section with equal flanges and a central web) with equal top and bottom
flanges, the shear center islocated:

A. At the top flange centroid -- shear flowsin the top flange are largest

B. At the centroid of the cross-section -- for Z-sections with equal flanges, the shear center coincides with the centroid
due to the antisymmetry of the section

C. At the web-to-bottom-flange junction -- the shear transfer point governs the shear center location

D. Outside the cross-section on the compression side -- Z-sections always have an eccentric shear center

28. For a two-span continuous beam (equal spans L) with a unit load placed anywhere on the beam, the influence line
for the reaction at the interior support B reaches its maximum value when:
A. Theunit load is directly at support B -- the maximum interior support reaction from a unit load is 1.0 when the load is
aB
B. The unit load is at the midpoint of either span -- the interior support reaction is maximized at span midpoints
C. Theunit load is at the end of either span -- end reactions maximize the interior support demand
D. Theunit load is at the quarter-point of either adjacent span -- the bending moment at B is maximized there

29. In the moment distribution analysis of a sway frame (sidesway present), after completing the no-sway distribution
cycle, the sway correction step requires:
A. Adding 10% to al joint moments to account for the approximate nature of the no-sway assumption
B. Applying additional lateral loads at each story level equal to the unbalanced horizontal forces from the no-sway cycle
C. Setting al carry-over factorsto zero for the sway cycle -- carry-over isonly valid in the no-sway case

D. Applying assumed unit sway displacements to each story, computing the resulting FEMs, distributing them, then
determining the scale factor that satisfies the horizontal equilibrium of each story

30. In structural dynamics, mode shapes of an undamped multi-degree-of-freedom system satisfy the orthogonality
condition: phim m [M]phim =0 and phim m [K]phim =0 for i!=j. The practical consequence of orthogonality is:
A. The coupled equations of motion can be decoupled into independent single-DOF equationsin modal coordinates,
enabling separate solution of each mode's response
B. The structure vibrates simultaneously in all modes with equal amplitude -- orthogonality ensures uniform distribution
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C. Only the first mode (fundamental mode) needs to be computed -- higher modes cancel out due to orthogonality

D. Thetotal response equals the sum of all modal responses without any combination rule -- SRSSis unnecessary when
modes are orthogonal

31. A single-degree-of-freedom (SDOF) el astic structure with period T is subjected to a suddenly applied constant step
load FO (applied instantaneously and maintained). The maximum dynamic response (dynamic amplification factor
DAF) is.

A. DAF = 1.0 -- suddenly applied loads produce the same response as static loads

B. DAF = pi/2 ~ 1.57 -- the half-period dynamic magnification for step loading

C. DAF = 2.0 -- the maximum dynamic response of alinear SDOF to a suddenly applied step load is exactly twice the
static response

D. DAF = 4.0 -- impulsive loads aways produce four times the static response

32. A dtress element has sigmax=10 ksi, sigmay=—4 ks, and tauxy=8 ksi. The major principal stress
sigmal=(sigmax+sigmay)/2+sgrt(((sigmax—sigmay)/2) 2+tauxy?) is.

A.10.6 ks

B. 13.6 ksi

C.3.0ks

D. 7.6 ks

33. Tension field action in a slender-web plate girder (h/tw exceeding the limit for full web shear capacity) refersto:
A. The post-buckling diagonal tension that develops in the web after initial shear buckling -- the web carries additional
load through inclined tension strips, analogous to a Pratt truss, significantly increasing shear capacity

B. The compressive stress field that develops in the flanges after the web bucklesin shear, requiring flange
reinforcement beyond what flexure demands

C. The vertical tension in the girder web caused by the girder's own self-weight producing net vertical stresses
independent of the applied loads

D. The horizontal tension at the web-to-flange junction that must be transferred through the web-to-flange weld in a
built-up plate girder section

34. For a two-span continuous beam (equal spans L) under a uniform load w on both spans, the bending moment
diagram has:

A. Maximum positive moment at midspan of each span and zero moment at al three supports including the interior
support

B. Positive sagging moment at midspan of each span, negative hogging moment at the interior support, and zero moment
at the two end supports

C. Only negative moments throughout both spans -- continuous beams carry no positive moment under uniform dead
load on both spans simultaneously

D. Uniform positive moment throughout the span -- moment redistribution eliminates the negative interior support
moment under full UDL loading

35. In structural analysis, when an internal hinge is introduced into a member at a specific point, the resulting effect is:

A. The bending moment in the member at the hinge location becomes equal to Zexternal moments applied between the
hinge and the nearest support

B. The member becomes arigid link -- internal hinges transfer bending moments freely

C. The bending moment at the internal hinge is always zero -- the hinge cannot transmit moment, only shear and axial
force

D. The deflection at the hinge becomes zero -- internal hinges are point supports within the member
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36. For a column with a step change in cross-section -- a larger section at the lower half (stiffness k1) and a smaller
section at the upper half (stiffness k2), pinned at both ends -- the critical buckling load is determined by:
A. Using only the smaller, weaker section for the entire column length -- a conservative minimum-section assumption
that always provides alower bound on buckling capacity

B. Averaging the stiffnesses of the two sections and applying Euler's formula with the averaged El -- asimple
proportional approximation

C. Using the stiffness of the lower, larger section for the entire column -- always conservative since the stronger section
always governs when applied to full length

D. Solving the eigenvalue problem or using an energy method with the step change accounted for -- Pcr lies between the
individual critical loads for each section over full length

37. The stiffness matrix of a single spring element with stiffness k connecting two nodes 1 and 2 is:
A. [K[{u} ={F} with[k] =[00; 0k] -- only node 2 contributes stiffness
B. [K]{u} ={F} with[K] = [k —k; OK] -- an upper triangular matrix
C. [k[{u} ={F} with [K] = [k k; k K] -- auniform stiffness matrix
D. [K]{u} ={F} with [k] = [k —k; =k k] -- a symmetric positive semi-definite element stiffness matrix

38. When applying the force (flexibility) method to select the redundant force X1, the primary structure (released
structure) must be:

A. Statically determinate and stable -- the released structure must be able to carry all applied loads in a determinate way
so that displacements can be computed without knowledge of the redundant

B. Stiffer than the original indeterminate structure -- the redundant should be chosen to maximize stiffness
C. The same as the original indeterminate structure but with all members set to infinite rigidity

D. Any structure that satisfies equilibrium -- stability of the released structure is not required as long as the compatibility
equation iswritten correctly

39. A solid circular steel shaft (d=4 in) carries a pure torque T=60 kip-in. The maximum shear stress tau_max=Txc/J
where J=pid4/32 and c=d/2 is:

A.3.0ksi

B.6.0ks

C.4.77 ks

D. 9.55ksi

40. For a circular shaft subjected to combined bending moment M and torque T, the equivalent bending moment Me
used in classical combined stress design formulasis:

A.Me=M + T -- adirect linear superposition of bending and torsional demands

B. Me=(M + sgrt(M2+T2))/2 -- the equivalent moment for maximum normal stress based on the maximum normal
stress theory

C. Me= MxT/(M+T) -- the harmonic mean of bending and torsional moments
D. Me = sgrt(M2+T2) -- the direct vector sum used in the AISC method for combined |oading

41. In earthquake-resistant design, the concept of 'equivalent static earthquake force' assumes that the ground motion
can be replaced by a set of static lateral forces applied at each floor level. The floor force at level x is proportional to:

A. The absolute height of floor x above grade -- higher floors always receive more force per unit weight

B. The product wxxhx"k divided by the sum Zwixhi”k, times the base shear V -- the vertical force distribution accounts
for both floor weight and height

C. Only the floor weight wx -- the height isirrelevant for the equivalent static method
D. Thefloor stiffness kx -- stiffer floors attract more seismic force per unit weight
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42. A cantilever steel beam (E=29,000 ksi, =200 in4, L=10 ft=120 in) carries a uniform load w=1.5 kip/ft=0.125 kip/in
along itsfull length. The deflection at the free end d=wL4/(8El) is:

A.0.140in

B.0.280in

C.1.118in

D.0.559in

DOMAIN 3 -- Temporary Structures (Q43-Q49)

43. Per ACI 308R, liquid membrane-forming curing compounds (ASTM C309 Type 1-D or Type 2) are acceptable
alternatives to wet curing because:

A. They seal the concrete surface to prevent moisture loss, providing curing equivalent to 7-day moist curing when
applied at the specified rate immediately after finishing

B. They actively supply additional water to concrete hydration, improving strength devel opment beyond what standard
7-day moist curing can achieve alone

C. They reduce the required curing time from 7 days to 3 days by chemically accelerating the hydration reaction through
acatalyst in the membrane compound

D. They are only acceptable for flatwork -- ACI 308R explicitly prohibits curing compounds for vertical elements such
aswalls, columns, and elevated slabs

44. Per OSHA 29 CFR 1926 Subpart P, a Type A soil classification requires:
A. An unconfined compressive strength of at least 0.5 tsf and no evidence of layered deposits -- any moist cohesive soil
at standard depth qualifies

B. No cohesion -- Type A applies to granular soils without plasticity, such as clean gravel or coarse sand

C. Anunconfined compressive strength of at least 1.5 tsf AND must not be previously disturbed, fissured, or subjected
to vibration -- Type A isthe most stable classification

D. Visual identification only -- Type A soils are easily identified by their tan or brown color without testing

45. Per ACI 305.1-14, the maximum permitted concrete temperature at the point of placement (to avoid excessive
sump loss, early setting, and reduced long-term strength) is:

A. 75°F -- cold weather practices begin above 75°F ambient

B. 85°F -- the standard upper limit for concrete delivery temperature

C. 90°F -- acceptable in low-humidity environments with retarding admixtures

D. 95°F (35°C) -- the maximum concrete temperature at the point of discharge for hot weather concreting

46. When stripping formwork from multi-story construction where reshoring is used, the sequence requires that:

A. All shores below the floor being stripped must be removed first -- this allows the newly stripped floor to carry itsload
to the foundation independently

B. The newly stripped floor must be able to independently carry its own weight without any shore support -- if it cannot,
shores must remain until strength is adequate

C. Reshoring must be installed on the floor immediately below before stripping begins -- thisis the only safe sequence
per ACI 347

D. Shores may be removed when concrete reaches 50% of f'c -- the standard 50% threshold allows early stripping while
maintaining safety
47. When pumping concrete through a pipeline, the maximum aggregate size is limited relative to the pipe diameter. A
commonly accepted maximum is:

A. The aggregate size must not exceed 1/3 of the pipe inside diameter -- this limit prevents blockage at bends and
reduces pumping pressure
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B. The aggregate size must not exceed 1/2 the pipe diameter
C. Thereisno aggregate size limit for pumping -- only pump pressure and slump determine pumpability

D. The aggregate must be less than the pipe radius (1/2 the diameter) -- the particle must fit through the pipe
Cross-section

48. Per ACI 318-14 Section 26.5.6.1, the surface of a concrete construction joint (where fresh concrete will be placed
against hardened concrete) must be:

A. Cleaned with awire brush and coated with a bonding agent immediately before placing new concrete

B. Intentionally roughened to a minimum ¥zin amplitude and cleaned of &l laitance, loose material, and ice before
placing the new concrete lift

C. Treated with aretarder during the original placement so that the surface can be water-jetted to expose aggregate when
the retarder is washed off

D. Pre-wetted with water for at least 24 hours and allowed to drain surface moisture before new concrete placement

49. When monitoring excavation-induced vibration near existing structures, the zone of influence (the area where soil
vibrations from excavation or pile driving are significant enough to require monitoring) typically extends to a distance
of approximately:
A. 0.5 times the excavation depth from the edge -- vibrations attenuate rapidly in competent soil within the half-depth
distance

B. 1.5 to 2.0 times the excavation depth from the edge of the cut -- the standard rule of thumb for the zone of potential
ground movement and vibration influence

C. Thefull structure height of the adjacent building above the nearest excavation edge, based on elastic theory of
ground-borne vibration propagation

D. Always 50 feet regardless of excavation depth, soil type, or construction method -- OSHA mandates this constant
monitoring zone

DOMAIN 4 -- Materials (Q50-Q63)

50. ASTM F3125 Grade A307 bolts (formerly ASTM A307) are the lowest-strength structural bolt grade commonly
used in steel construction. Their minimum tensile strength Fu is:
A. Fu,min =90 ksl -- the minimum tensile strength for high-strength bolt grades typically used in moment frame
connections

B. Fu,min = 100 ksi -- the minimum tensile strength for A307 Grade C anchor bolt products used in column base plate
connections
C. Fu,min =60 ksi -- A307 Grade A bolts have Fu >= 60 ksi, suitable for lightly loaded bearing connections only

D. Fu,min =120 ksi -- the minimum tensile strength for high-strength A325 bolt grade widely used in structural steel
construction

51. ASTM A123 specifies the minimum average weight of the zinc coating for hot-dip galvanizing of fabricated
structural steel. For steel plates and bars greater than 1/4 in thick, the minimum average coating weight is
approximately:

A. 2.3 0z/ft2 (about 700 g/m2) -- sufficient for atmospheric corrosion protection for decades

B. 1.0 0z/ft2 -- the minimum for sheet products

C. 0.5 0z/ft2 -- the minimum for wire products

D. 3.5 0z/ft2 -- the heavy-duty industrial standard for all structural steel

52. The primary mechanism by which Class F fly ash (low-calcium, reactive pozzolan) reduces the heat of hydration in
concreteis:
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A. Fly ash contains calcium aluminate that reacts exothermically with water -- adding fly ash actually increases heat of
hydration

B. Fly ash acts as afiller with no reactivity -- it dilutes the cement content and reduces heat proportionally

C. Fly ash reacts with portland cement particles to form additional tobermorite gel, releasing heat faster than pure cement

D. Fly ash replaces a portion of portland cement -- since fly ash reacts more slowly and releases |less heat per gram than
cement, the overall rate and total heat generation are reduced

53. Per ACI 318-14 Section 19.2.4, the modulus of elasticity for structural lightweight concrete (unit weight we=115
pcf, 'c=4,000 psi) is Ec=33xwc™1.5xsgrtf'c. What is Ec for this lightweight mix?

A. 3,605 ksi -- same as normal-weight concrete with the same f'c

B. 2,500 ksi -- lightweight concrete modulus is independent of unit weight

C. 2574 ks -- computed from 33x115"1.5xsqrt4,000 in psi, converted to ksi

D. 1,800 ksi -- the ACI code default for al lightweight concrete

54. Per ACI 318-14 Table 25.4.2.4, the coating factor e for epoxy-coated deformed bars where the cover is less than
3db or the clear spacing between barsislessthan 6db is:

A. pe= 15 -- the standard epoxy coating factor for most cover conditions

B. e = 1.0 -- epoxy coating has no effect on development length per ACI 318-14

C. ye=1.2 -- amoderate increase for epoxy-coated bars with adequate cover

D. ye=1.5for normal cover and e = 1.2 for extra-cover conditions

55. Per ACI 318-14 Section 19.2.3, the modulus of rupture fr for normal-weight concrete (lambda=1.0) is
fr=7.5lambdasgrtf'c. For all-lightweight concrete (lambda=0.75), the modulus of rupture is:

A. fr = 7.5lambdasgrtf'c -- the formula applies unchanged for al unit weights

B. fr = 5.63lambdasgrtf'c -- reduced to 0.75x7.5=5.63 with lambda=0.75 for all-lightweight concrete

C. fr = 6.5sgrtf'c -- afixed factor for lightweight concrete that does not use the lambda factor

D. fr = 4.0sgrtf'c -- the minimum allowed modulus of rupture for al-lightweight concrete

56. Per NDS 2018 Supplement Table 12.3.3, the specific gravity G for Southern Yellow Pine (SYP) lumber, used in
fastener design calculations for lateral load capacity in NDSyield limit equations, is approximately:

A. G =0.42 -- same as Douglas Fir-Larch

B. G = 0.50 -- intermediate species specific gravity

C. G =0.60 -- moderate specific gravity for Southern pine framing lumber

D. G = 0.55 -- the tabulated value for Southern Y ellow Pine used in connector design per NDS

57. A572 Grade 50 structural steel and A36 structural steel share the same modulus of elasticity E=29,000 ksi. The key
differencerelevant to design is:

A. A572 Gr 50 has lower fracture toughness -- it cannot be used in seismic connections without Charpy V-notch testing
B. A36 has higher weldability than A572 Gr 50 -- A572 requires specia preheat for al field welding
C. A572 Gr 50 has higher Fu as well as higher Fy -- the tensile strength a so increases, benefiting connection design

D. A572 Gr 50 has Fy=50 ksi vs A36's Fy=36 ksi -- a39% increase in yield strength allows smaller sections for the same
axial or flexural demand, but both have E=29,000 ksi and similar ductility

58. Per ASTM C270, masonry mortar Type M (the highest compressive strength type) is recommended for use in:

A. Below-grade masonry, retaining walls, and foundations -- applications with high compressive stress and exposure to
moisture and freeze-thaw

B. Above-grade interior walls only -- Type M istoo brittle for exterior applications

C. Tuckpointing repairs of historic masonry -- Type M matches the original strength

D. Veneer walls bonded to concrete masonry -- Type M provides superior bond for thin masonry applications
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59. Steel fibers added to concrete (fiber-reinforced concrete, FRC) primarily improve:

A. The compressive strength -- steel fibers confine the concrete and increase f'c by 20-30%

B. The post-cracking toughness and crack-width control -- fibers bridge cracks, providing ductility and resistance to
crack propagation after the concrete matrix cracks

C. The bond strength to embedded reinforcing bars -- fibers increase the concrete-to-bar friction uniformly
D. The durability against alkali-silicareaction -- steel fibers chemically neutralize the silica gel expansion

60. Per ASTM A500 Grade B, round hollow structural sections (HSS) have minimum specified mechanical properties
of:

A. Fy=36 ksi, Fu=58 ksi -- same as A36 plate

B. Fy=50 ksi, Fu=65 ksi -- matching A992 wide-flange properties

C. Fy=42 ksi, Fu=58 ksi -- the A500 Grade B round section specification

D. Fy=46 ksi, Fu=62 ks -- the A500 Grade B rectangular section properties

61. Per NDS 2018 Section 11.2, when a lag screw (or any fastener) is loaded at an angle to the grain, the adjusted
design  value Ftheta a that angle is  computed using the Hankinson  formula
F'theta=F'nxF'p/(F'nxsin2theta+F'pxcos2theta). This formulais used because:
A. Wood is orthotropic -- its strength parallel to grain (Fp) differs significantly from perpendicular to grain (Fn), and the
Hankinson formula interpolates the bearing strength at any intermediate angle
B. The Hankinson formula adjusts for the number of fastenersin arow -- more bolts reduce the per-bolt capacity
C. The formula cal culates the combined shear and tension components on the fastener as an angle-to-grain function
D. The Hankinson formulais required only for split ring connectors -- lag screw design uses a direct vector addition of
FpandFn
62. The A-line on the Casagrande plasticity chart is defined by the equation PI=0.73(LL-20). Fine-grained soils
plotting above the A-line are classified as:
A. Siltswith low plasticity -- soils plotting above the A-line have properties characteristic of inorganic silts (ML and MH
classifications)
B. Organic soils -- organic silts and clays plot above the A-line because organic matter increases their plasticity relative
to inorganic silts
C. Claysonly -- al soils above the A-line are clays, and all soils below are silts or organic materials regardless of liquid
limit
D. Clays when above the A-line -- when LL<50 — CL (lean clay), when LL>=50 — CH (fat clay); the A-line separates
clays from silts and organic soils

63. Per ACI 318-14 Section 7.6.1, the minimum temperature and shrinkage reinforcement (in the direction
perpendicular to the main flexural steel) for a one-way slab using Grade 60 deformed barsis:
A. rhos = 0.0014 -- 0.14% of the gross slab cross-section area
B. rhos = 0.0018 -- 0.18% of the gross cross-section in the slab (A/Ag), placed perpendicular to the main flexural steel
C. rhos = 0.0020 -- required for all slabs regardless of reinforcement grade
D. rhos = 0.0025 -- the ASCE 7 minimum for seismic diaphragm slabs

DOMAIN 5 -- Component Design (Q64-Q100)

64. Per ACI 318-14 Section 22.2.2.4.3, the factor betal (which converts the actual parabolic concrete compressive
stress block to the equivalent rectangular stress block) for f'c=5,000 psi is:

A. 0.80 -- betal decreases from 0.85 at 4,000 psi by 0.05 per 1,000 psi above 4,000

B. 0.85 -- betal is constant at 0.85 for all f'c values

C. 0.75 -- betal for 6,000 psi concreteis0.75
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D. 0.65 -- the minimum betal permitted by ACI 318-14

65. For a12x12-in square column at the corner of aflat plate slab (d=7 in, f'c=4,000 psi), two edges of the slab are free
(no slab beyond the column). The two-way punching perimeter bo=2(c/2+d) has only two sides. The design punching
shear strength phiV c=phix4xsgrtf'cxboxd is:

A. 69 kips -- using a four-sided bo as for interior columns

B. 34.5 kips -- computed using the two-sided corner column perimeter bo=2x(6+7)=26 in

C. 52 kips -- using three sides for the edge column formula

D. 18 kips -- using only one side per edge column convention

66. Per ACI 318-14 Section 9.7.3, flexura reinforcement in beams (positive moment steel) must extend beyond the
point where it is no longer needed for flexure (the theoretical cutoff point) by a distance equal to the greater of:

A. 12 in or the full development length Id of the bar

B. Thelarger of Id and d/2 -- bars must extend at least half the effective depth beyond the theoretical cutoff

C. dor 12db (12 times the bar diameter), whichever is greater -- to ensure the bar remains effective under realistic
moment variation and diagonal shear cracking

D. The full development length Id only -- theoretical cutoff plus|d ensures full bond devel opment

67. Per ACI 318-14 Table 7.3.1.1, the minimum thickness h for a one-way slab with simply supported end conditions
(fy=60,000 psi) is h=L/20. For a 16-ft simply supported slab, what is the minimum h?

A.9.6in--L/20=192/20=9.6in

B. 8in-- arounded practical minimum for residential slabs

C. 12in -- the minimum for commercial occupancy one-way slabs

D. 6in -- the ACI absolute minimum for any reinforced concrete slab

68. Per ACI 318-14 Table 8.10.5.1 for the Direct Design Method, the fraction of the total factored static moment MO
assigned to the column strip for POSITIVE moment in an interior span (no beams, aphaf1=0, betat=0) is:

A. 75% -- same as the negative moment assignment

B. 60% -- more than half the positive moment goes to the column strip

C. 50% -- the column strip and middle strip split the positive moment equally

D. 60% -- the column strip share of positive moment at an interior span of aflat plate

69. A 16x16-in tied concrete column (f'c=4 ksi, fy=60 ksi) has 8 #8 longitudinal bars (Ast=6.32 in2, Ag=256 in2). The
maximum design axial compressive strength per ACI 318-14 Section 22.4.2 is
phiPn,max=0.80phi[0.85f'c(Ag—Ast)+fyAst] with phi=0.65. What is phiPn,max?

A. 639 kips

B. 783 kips

C. 509 kips

D. 975 kips

70. Per ACI 318-14 Section 18.10.4.3, in specia reinforced concrete structural walls (SDC D or higher), the maximum
center-to-center spacing of horizontal (shear) reinforcement shall not exceed:
A. 12 in -- the most restrictive horizontal reinforcement spacing for all specia structural walls per ACI 318-14 Chapter
18
B. 24 in -- the maximum horizontal bar spacing for all reinforced concrete walls regardless of seismic design category

C. 48 in -- an excessively wide spacing that would exceed code limits even for ordinary reinforced concrete wallsin
Nnon-seismic zones

D. 18 in -- the maximum for special structural wallsin SDC D: the lesser of Iw/3, 18 in, or 3x wall thickness per ACI
318-14
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71. For an ASTM A992 (Fy=50 ksi) tension member with gross cross-sectional area Ag=6.0 in2, the available tensile
strength for gross-section yielding per AISC 360-16 Section D2 is phitPn=phitxFyxAg with phit=0.90. What is phitPn?
A. 300 kips
B. 270 kips
C. 225 kips
D. 315 kips

72. Per AISC 360-16 Section G2.2, intermediate transverse stiffeners are required for plate girder webs when the web
slenderness h/tw exceeds the limit for stiffener-free design, which for Fy=50 ksi steel is 2.46sgrt(E/Fy). What is this
limit?

A. 69.6

B.87.3

C. 59.2 -- 2.46s0rt(29000/50) for Fy=50 ksi

D.104.4

73. Per AISC 360-16 Table J3.2, the nominal tensile strength of an ASTM F3125 Grade A325 bolt is Fnt=90 ksi. For a
3/4-in diameter bolt (Ab=0.4418 in2), the design bolt tension strength phiRn=phixFntxAb with phi=0.75 is:

A. 39.8 kips

B. 29.8 kips

C. 19.9kips

D. 59.6 kips

74. Per AISC 360-16 Section J10.1, the limit state of flange local bending is checked when a concentrated force is
applied to the tension flange of a W-shape. The available flange local bending strength is phiRn=phix6.25tf2Fy. This
limit state is triggered when:
A. Theforceisdistributed over abearing length N less than 2.5k along the top flange of a wide-flange beam at a
supported end

B. The flange-to-web connection in a built-up plate girder is made with welds rather than bolts -- welded girders
experience flange bending that bolted girders do not

C. The web is compact -- only compact webs develop the bending resistance in the flange that triggers the flange local
bending limit state check

D. A concentrated tensile force acts on the inside face of the flange pulling the two flange halves apart -- this flexes the
flange about the web and governs when the force pulls the flange toward the web

75. Per AISC 360-16 Section C1.2, a second-order elastic analysisis required (or an amplified first-order analysis must
be used) when the ratio aphaPr to Pns (the ratio of factored axial demand to the elastic story buckling load) exceeds:
A. 0.05 -- 5% threshold for second-order effects
B. 0.10 -- amoderate stability index
C. 0.15 -- when this ratio exceeds 0.15, second-order analysisisrequired per AISC Chapter C
D. 0.25 -- the AISC stability threshold for including P-deltain design

76. For afillet weld loaded in the direction of its longitudinal axis (parallel to the weld axis), the effective throat is
0.707 times the weld leg size. The weld throat is used in the weld strength calculation rather than the weld leg because:
A. The 45° throat is the weakest cross-section of the fillet weld -- failure consistently occurs along the theoretical throat
plane, so strength is computed based on the throat area and weld metal shear strength
B. Theweld leg size variesin length along the weld axis while the throat dimension remains geometrically constant for
any given leg size

C. AISC requires using the throat rather than the weld leg in order to prevent overdesign of the base metal at the fusion
boundary
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D. Thethroat equalsthe full leg size for all fillet welds whenever the leg is equal to or greater than the thickness of the
connected plate

77. For a cruciform-shaped built-up column (four plates forming a + cross-section), AISC 360-16 Chapter E addresses
the torsional buckling failure mode because:
A. Cruciform sections have zero St. Venant torsional stiffness J -- torsional buckling does not apply and only flexural
buckling governs design

B. Cruciform sections have large closed cross-sectional areas and correspondingly high GJtorsiona stiffness -- they
always bucklein pure flexural mode

C. Thefour protruding plate legs of a cruciform have very low St. Venant torsional stiffness J (proportional to bt3/3),
making the section susceptible to torsional buckling at relatively low axial 1oads

D. Torsional buckling applies only to round tubular cross-sections -- cruciform and other open cross-sections buckle
exclusively in the flexural mode

78. Per AWS D1.1 and AISC 341-16 Section A3.4b, complete-joint-penetration (CJP) groove welds in demand-critical
connections (such as SMF beam-to-column joints) require:

A. Dye penetrant testing (PT) of all weld surfaces as the minimum NDE requirement

B. Ultrasonic testing (UT) of 100% of the welds -- mandatory for demand-critical CJP weldsin the
seismic-force-resisting system of SDC C or higher

C. Radiographic testing (RT) of welds thicker than 1 in -- the standard threshold for RT in structural connections

D. Visual inspection (VT) only -- seismic provisions do not require additional NDE beyond standard visual inspection

79. Per AISC 360-16 Commentary Section D1, to avoid objectionable vibration and prevent excessive lateral
movement in tension members that could cause fatigue or buckling under reversed loading, the preferred maximum
slendernessratio L/r for tension members (other than rods) is:

A. L/r <= 100 -- the most conservative limit for tension members in buildings with dynamic or vibration-sensitive

applications
B. L/r <= 200 -- the standard A1SC recommended limit for compression members to avoid excessive slenderness-related
vibration

C. L/r <= 250 -- an intermediate recommendation that balances economy against vibration susceptibility for moderately
flexible members

D. L/r <=300 -- the A1SC recommended practical maximum slenderness for tension members other than rods

80. Per NDS 2018 Section 3.4.3, horizontal shear in timber beams -- the shear stress acting parallel to the wood grain
(rolling shear) -- must be checked at the critical section located at:
A. d from the face of support -- at the same location as the ACI 318 one-way shear critical section, at an effective depth
from the bearing face

B. The centroid of the cross-section at the beam end -- the maximum horizontal shear stress occurs at the mid-height of
the section

C. At the support face -- the maximum shear force at the face of bearing gives the critical horizontal shear

D. At L/4 from the support -- the quarter-point is where the critical combination of shear and moment causes maximum
combined stressin timber

81. Per NDS 2018 Table 12B, the single-shear lateral design value Z for a 3/4-in diameter bolt connecting a 3-in thick
Southern Yellow Pine (G=0.55) main member to a 1.5-in thick SYP side member under standard conditions (no
adjustments) is approximately:

A. 480 Ib -- the parallel-to-grain value for medium bolt sizein SYP

B. 650 Ib

C. 730 b -- the NDS Table 12B value for 3/4-in bolt, 3-in main, 1.5-in side, SYP parallel-to-grain loading

D. 1,100 Ib -- the maximum |ateral value without reductions
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82. Per NDS 2018 Section 3.7.2, abeam bears on awall plate over a 3-in bearing length b and 5.5-in plate width. With
Fc0=500 psi and all other adjustment factors=1.0, the bearing area factor Cb=(1b+0.375)/Ib and the total bearing
capacity R=Fc[IxCbx(Ibxplate width) is:

A. 9.28 kips -- R=500x1.125x(3x5.5)/1000

B. 8.25kips -- using Cb=1.0 (no increase)

C. 5.50 kips -- incorrectly using only the plate width

D. 18.56 kips -- applying Cb=2.25 (double the factor)

83. Per TMS 402-16 Section 5.3.1.6.1, the alowable compressive stress Fa for a reinforced masonry column with
h/r=70 and f'm=2,000 psi (using the slender column formula valid for h/r<=99) is Fa=0.25f'mx[1-(h/140r)2]. What is
Fa?

A. 500 psi -- without the slenderness reduction

B. 450 psi

C. 400 psi

D. 375 psi

84. Per TMS 402-16 and MSJC provisions, metal ties connecting the outer wythe to the backup in a cavity wall
(two-wythe masonry wall with a cavity between them) must be spaced no farther apart than:

A. 16invertical, 24 in horizontal -- the spacing used for seismic cavity wall anchorsin SDC C and higher

B. 24 invertical, 36 in horizontal -- onetie per 4.5 sq ft of wall area per TMS 402-16 requirements

C. 12invertical, 12 in horizontal -- the maximum permitted spacing for composite masonry wall ties with heavy seismic
demands

D. 48 invertical, 16 in horizontal -- the maximum spacing for tall cavity wall wythes with large air space gaps

85. Per TMS 402-16 Section 5.2 for intermediate reinforced masonry shear walls (SDC C), the minimum combined
reinforcement ratio (rhov+rhoh) must be at least:

A. 0.0007 per direction -- each direction independently must meet 0.0007

B. 0.0020 -- a combined minimum for intermediate walls, with each direction >=0.0007
C. 0.0050 -- same as specia reinforced masonry shear walls

D. 0.0033 -- the standard masonry reinforcement ratio for al seismic zones

86. For an edge column (one free slab edge) in a flat plate slab with d=7 in, f'c=4,000 psi, and column dimensions
12x12 in, the critical punching perimeter has three sides (perpendicular to the free edge). Per ACI 318-14, bo for this
edge columniis:

A. 52 in (four-sided interior column perimeter)

B. 26 in (two-sided corner column perimeter)

C. 39in (two sides parallel to free edge of length (c+d) each, plus one side perpendicular of length (c/2+d))
D. 39in-- bo = (c/2+d) + 2x(c+d) =13+ 2x19=51in

87. The Terzaghi one-dimensional consolidation settlement equation
Sc=Cc/(1+e0)xHxlog(sigmav0+Deltasigma)/sigmav0 applies to normally consolidated (NC) clay. For an
overconsolidated (OC) clay where the final stress (sigmavO+Deltasigma) exceeds the preconsolidation pressure
sigmalp, the settlement is:

A. Computed using Cc over the full stressrange -- OC clays have the same compressibility as NC clays

B. Zero -- overconsolidated clays do not experience any consolidation settlement

C. Computed in two parts: Csover theinitial OC portion (sigmavO0 to sigmap) using the swelling/recompression index
Cs, then Cc over the NC portion (sigmap to sigmav0+Deltasigma) -- total
Sc=Cg/(1+e0)xHxlog(sigmap/sigmav0)+Cc/(1+e0)xHxlog((sigmavO+Deltasigma)/sigmalp)

D. Only the immediate elastic settlement -- total settlement in OC clay is the same as the immediate settlement
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88. Per IBC Section 1810.3.2, the minimum distance from the face of a driven pile to the edge of the pile cap (or
footing edge) shall be:

A. 12 in (minimum pile cap edge distance from the centerline of the outermost pile)

B. 3in-- anominal edge distance to alow for construction tolerances

C. 6in -- standard edge clearance for poured concrete around pile heads

D. The pile diameter -- edge distance equals d for al pile types

89. A gravity concrete retaining wall (H=12 ft, gammabackfill=115 pcf, phi=30°) has a base width of 8 ft, total wall
weight W=12 kipgft of wall, and toe embedment Df=2 ft (Kp=3). The diding factor of safety
FS_dliding=(muW+Pp)/Pawhere mu=0.35, Pa=0.5K agammaH2=2.76 kip/ft, and Pp=0.5K pgammaDf2=0.69 kip/ft is:

A. 177

B. 252

C.1.21

D.3.48

90. A concrete basement wall (8 in thick, f'c=4,000 psi, H=10 ft between supported floor and footing) must resist 62.4
psf per foot of water depth for hydrostatic pressure. The wall is analyzed as a one-way slab spanning vertically. The
governing load case per ACI 318-14 is:

A. 1.2xhydrostatic only -- wind does not control basement wall design

B. 1.4D (the earth pressure as the dominant variable load combination)

C. 0.9D+1.6H where H isthe lateral earth/water pressure per ASCE 7-16 and ACI 318-14 -- earth and groundwater
pressure uses a load factor of 1.6 when they are the dominant variable load

D. 1.2D+1.6H -- applicable when dead load stabilizes the wall against the hydrostatic lateral force

91. A mat foundation for a heavily loaded building is typically designed to control:
A. Bearing capacity failure -- the mat must resist the full factored gravity load against a bearing failure of the entire
foundation soil
B. Differentia settlement -- mats spread |oads over alarge area and mat thicknessis controlled by flexure; differential
settlement between columnsis the primary design consideration

C. Total settlement only -- uniform downward movement of the entire mat is the controlling criterion since differential
effects are automatically eliminated

D. Punching shear at every column -- mat foundations are uniquely governed by punching shear demands that exceed all
other limit states

92. Wellpoint dewatering systems lower the water table by vacuum-assisted suction. The theoretical maximum suction
lift for awellpoint islimited to approximately 15 ft (one atmosphere = 14.7 psi = 33.9 ft of water) in practice because:
A. OSHA limits the pump motor power to prevent excessive suction in confined spaces

B. Wellpoints can theoretically lift water 33.9 ft, but practical limits (soil permeability, friction losses, vapor pressure of
water) reduce the maximum effective suction lift to approximately 15-20 ft for sand and 12-15 ft for silt soils

C. The vacuum pump creates atmospheric pressure difference to lift water, limited to about 15 ft of water column in field
conditions due to pipe friction, air leakage, and water vapor pressure

D. Deeper lifts cause soil heave -- the suction pressure exceeds the confining soil stress at 15 ft depth
93. Per Meyerhof's bearing capacity theory (compared to Terzaghi's original equations), the primary improvements for
general bearing capacity design are:

A. Meyerhof uses different Nc factor only for cohesive clay soils, with all other aspects of the bearing capacity equation
identical to Terzaghi's original formulation

B. Meyerhof eliminates the traditional factor of safety -- his equations use load and resistance factors instead, converting
the framework to LRFD format
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C. Meyerhof includes shape, depth, and inclination correction factors that Terzaghi lacked -- these extend the theory to
non-strip footings at any depth with inclined loads

D. Meyerhof limits his equations to strip footings only -- square and circular footings use entirely separate unrelated
equations not derived from the general bearing capacity formula

94. When two adjacent columns of unequal loads (P1>P2) must be supported on a single combined footing with a
constrained length, the most efficient combined footing shape to achieve uniform soil pressureis:
A. Rectangular with uniform width -- the simplest construction geometry that provides adequate bearing area regardless
of column load magnitude or eccentricity
B. Rectangular with pedestals under each column -- the pedestal s distribute the individual column loads independently to
minimize combined foundation interaction
C. Square -- the footing is resized to have equal area under each column's tributary load zone, keeping unit soil pressure
uniform by area allocation

D. Trapezoidal -- the wider end goes under the heavier column, shifting the centroid of the footing areato align with the
load resultant for uniform pressure

95. For adrilled shaft (rock socket) in limestone, the side (shaft) resistance can be estimated from the rock compressive
strength. A common empirical relationship for unit side resistance gsin rock socketsis:
A. gs = 0.5xqu -- one-half the uniaxial compressive strength is applied directly as the unit side resistance for rock sockets
inal rock types

B. gs = Cxsgrtqu (C ~ 0.5-2.0 in consistent units) -- side resistance scales with the square root of uniaxial compressive
strength, not linearly

C. gs= 0.1xqu -- a conservative uniform friction factor valid for al rock types regardless of weathering degree or socket
roughness

D. gs=0.01xqu -- the unit side resistance is negligible in al rock sockets because end bearing always dominates shaft
capacity in rock

96. Per ACI 318-14 Section 13.4.2.1, the minimum thickness of a pile cap (grade beam or pile cap footing) to support
the design demands from the pilesis governed primarily by:
A. Adequate depth to devel op pile tension reinforcement, resist one-way and two-way shear without stirrups, and
provide at least 12 in minimum for pile head embedment and bar devel opment
B. A universal minimum of 6 in thickness -- the standard code minimum for all concrete mat and pile cap footing types
regardless of load
C. At least twice the pile diameter -- the pile cap thickness must provide enough cover above and below the pile for
adequate concrete confinement

D. At least 10 times the maximum coarse aggregate size -- the pile cap thickness is governed by aggregate size to ensure
proper consolidation around pile heads

97. When a building foundation is placed on potentially expansive soils (high-plasticity clays, expansive shales), the
most effective long-term design strategy is:
A. Increase the footing bearing area to reduce contact pressure below the soil swelling pressure -- larger footings provide
more area over which uplift is distributed
B. Isolate the structure from soil swelling: deep foundations through the active zone, or stiffened slab system with
moisture barriers and drainage keeping soil moisture constant
C. Apply asurcharge load equal to the swelling pressure over the building footprint -- the additional dead weight
suppresses swelling by exceeding the soil's uplift capacity
D. Specify high-strength concrete (f'c >= 6,000 psi) for all foundation elements -- stronger concrete inherently resists the
uplift forces generated by expansive soil swelling
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98. For a retaining wall with granular backfill, a drainage layer and filter fabric (geotextile) are placed against the
retained soil to prevent hydrostatic buildup. The filter fabric must satisfy two criteria:
A. The fabric must be waterproof on the soil side and freely permeable on the drain side -- two different geotextile
products are laminated together for retaining wall drainage
B. The fabric must be installed with the machine direction perpendicular to the wall face -- installation direction is the
only criterion for retaining wall geotextiles
C. The fabric must retain soil particles (pore size <= d85 of retained soil) while allowing water to flow freely
(permeability exceeding retained soil hydraulic conductivity) -- both filtration and permeability criteria must be satisfied

D. The fabric must have a minimum tensile strength of 200 Ib/ft -- only the geosynthetic mechanical strength matters for
retaining wall drainage applications

99. Per ACI 318-14 Section 13.3.3, the critical section for one-way shear (and the critical section for flexural design of
tension steel) at awall footing are both located:

A. At the midpoint between the wall face and the footing edge -- the midpoint section is used for simplicity

B. At the face of the wall stem for flexure, and at d from the wall face for one-way shear -- consistent with ACI 318-14
beam shear and moment rules

C. At the edge of the footing -- the full footing projection from the wall centerline determines the design section

D. At the face of the wall for both flexure and shear -- ACI 318-14 aligns the critical sections to simplify wall footing
design without the d-shift for shear

100. The Terzaghi-Peck primary consolidation settlement formula assumes that all settlement occurs from the
expulsion of pore water from the clay layer. The time to achieve 50% of primary consolidation (U=50%) for a doubly
drained layer ist50=TvxH2dr/cv, where Tv=0.197, Hdr=H/2 (drainage path for double drainage), and cv=consolidation
coefficient. For cv=0.004 ft2/min and a 10-ft doubly drained clay layer, t50 in daysis:

A. 150 = TvxHdr2/cv = 0.197x25/0.004 = 1,231 min = 0.855 days

B. t50 = 2 days -- the standard estimate for 50% consolidation in 10-ft NC clay

C. t50 = 0.197x100/0.004 = 4,925 min = 3.42 days -- using full layer thickness instead of half

D. t50 = 5.0 days -- using cv = 0.001 ft2/min instead of 0.004 ft2/min
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PRACTICE EXAM 9-- ANSWER KEY & EXPLANATIONS

1.D 2.B 3A 4.C 5D 6.A 7.C 8.B 9.A 10.B
11.C 12.D 13.B 14. A 15.D 16.C 17.B 18. A 19.D 20.B
21.C 22.C 23. A 24.D 25.C 26.D 27.B 28. A 29.D 30. A
31.C 32.B 33.A 34.B 35.C 36.D 37.D 38.A 39.C 40.B
41.B 42.D 43. A 44.C 45.D 46.C 47. A 48. B 49.B 50.C
51. A 52.D 53.C 54. A 55.B 56. D 57.D 58. A 59.B 60. C
61.C 62.D 63.B 64. A 65. B 66. C 67. A 68.D 69. A 70.D
71.B 72.C 73.B 74.D 75.C 76. A 77.C 78.B 79.D 80. A
81.C 82. A 83.D 84.B 85.B 86. D 87.C 88. A 89. A 90. D
91.B 92.C 93.C 94.D 95.B 96. A 97.B 98.C 99.D 100. A
1. D — 60 psf

ASCE 7-16 Table 4.3-1 assigns 60 psf to hospital operating rooms and laboratories. A (40 psf) is for offices; B (80 psf) is for
heavy mechanica equipment rooms; C (100 psf) is for public corridors or escalator areas. Operating room LL reflects the
combined weight of surgical tables, equipment, personnel, and patients -- the 60 psf accounts for.

2.B—0.018
Cs,min = max(0.044x0.4x1.0, 0.01) = max(0.0176, 0.01) = 0.018. A (0.020) would result from 0.05xSDS; C (0.010) is the
absolute floor but is superseded here; D (0.040) equals SDSxle. The 0.044SDSxle minimum ensures a baseline seismic demand
in moderate-sei smic zones where the basic Cs=SDS/(R/1€) might otherwise drop to very low values for high-R systems.

3. A — 25% -- the moment frame must carry at least 25% of the total design seismic force independent of the shear
walls
Per ASCE 7-16 Section 12.2.5.5, in adua system the moment frame must be designed to independently resist at least 25% of the
seismic forces, even though the shear walls carry the majority. B (33%), C (50%), D (75%) overstate the minimum. The 25%
regquirement ensures that if the primary shear wall system is damaged in a seismic.

4.C—1601b
Fp=0.4x1.0x1.0x200x(1+2x0.5)=0.4x200x2=160 Ib. A (60 Ib) uses the 0.3SDS minimum formula only; B (120 Ib) uses z/h=0; D
(240 Ib) uses z/h=1.0 (roof level). The (1+2z/h) amplification reflects that floor accel erations increase from the base to the roof --
components at mid-height experience 2x the ground acceleration, while roof-level components experience 3x due to building
dynamic amplification.

5.D — 0.5S1xle/(R/I€)
Per ASCE 7-16 Eq. 12.8-6, for SDC E/F with S1>=0.6g: Cs,min=0.5xS1xle/(R/1€)=0.5xSV/(R/le). A (0.044SDSxle) is the
general minimum, not the high-seismic minimum; B is the correct formula but presented incorrectly; C (0.05S1) lacks the R/le
factor. This higher minimum ensures adequate base shear in near-fault, high-S1 locations where the long-period spectral demand
remains significant.

6. A — It resultsin the highest wind speed profile and velocity pressure Kz values, increasing design wind pressure
significantly compared to ExposureB or C
Exposure Category D applies at coastal sites within 5,000 ft of large open water with V>=110 mph, or anywhere within 600 ft of
open water. D produces the highest Kz values and velocity pressures. B (hurricane specia requirement) is not a D-specific rule;
C (envelope procedure) is not required solely by Exposure D; D (wind tunnel) isa
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7.C —Ct =1.2--thethermal factor for structureskept just above freezing
ASCE 7-16 Table 7.3-2 assigns Ct=1.2 for unheated or structures where heat is not maintained throughout the winter, such as
unheated warehouses and cold storage. A (1.0) isfor heated buildings; B (1.1) isfor dightly cooled or partialy heated structures,
D (1.3) isfor structures kept open to the outside air.

8. B — 6,000 Ib applied at 18 in above the floor surface -- for barriers serving parking areas
ASCE 7-16 Section 4.5.3 specifies a minimum 6,000-1b barrier load applied at 18 in above the floor for vehicle barriers in
parking structures. A (2,000 Ib) is too low; C (10,000 Ib) exceeds the standard requirement; D (1,500 Ib/ft) applies to guardrail
systems for pedestrians. The 6,000-1b force represents atypical passenger vehicle striking the barrier at low.

9. A — 0.010 hsx -- the most restrictive drift limit, reflecting the need for post-earthquake functionality
ASCE 7-16 Table 12.12-1 assigns the most restrictive drift limit Deltaa=0.010hsx to Risk Category 1V structures. B (0.015), C
(0.020), D (0.025) are progressively less restrictive limits for lower occupancy categories. Essentia facilities must remain
functional after a design earthquake -- the 0.010hsx limit controls structural and nonstructural damage, protecting the building's
ability to operate continuously during a.

10. B— The ASD requirement to multiply E by 0.7 to convert the LRFD-level earthquake forceto an ASD
allowable-stress basis -- 0.7 achieves consistent reliability between ASD and LRFD for seismic
The ASD seismic load factor of 0.7E converts the LRFD-level seismic force E to an equivalent ASD working-stress level. ASD
uses a safety factor in alowable stresses; LRFD uses load factors -- multiplying by 0.7 achieves approximately equivalent
reliability. A (lower safety factor), C (coincidence probability), D (geographic reduction) are all incorrect explanations for the
0.7E factor.

11. C — 50% -- applied to the loadstransmitted to the supporting structure
ASCE 7-16 Section 4.9.2 requires a 50% impact allowance for machinery with reciprocating or rotating motion. A (25%) is for
cab-operated bridge cranes; B states the same 50% but in wrong syntax -- after key correction, C holds this answer. D (100%)
would apply to hydraulic elevators per some jurisdictions.

12. D — 100 psf
ASCE 7-16 Table 4.3-1 assigns 100 psf to accessible roof terraces, balconies, and exterior decks with public access. A (40 psf), B
(60 psf), C (80 psf) are al below the required value. Accessible rooftop spaces are treated similarly to public assembly areas
because they can be densely occupied for events, parties, or mechanical maintenance operations that produce.

13. B — 120 Kkips
Fpx=(ZFi to top/Zwi to top)xwpx=(120/500)x500=120 kips. The minimum check: 0.2x1.0x1.0x500=100 kips -- 120>100 so
Fpx=120. A (100 kips) is the minimum, which does not govern; C (80 kips) is the floor-level force; D (200 kips) is twice the base
shear. The diaphragm force must be at least 0.2SDSxlexwpx to ensure adequate connection of the diaphragm to the LFRS.

14. A — 0.2xSDSxD = 0.15D -- resulting in total D factor of 1.35 in the compression combination
Ev=0.2xSDSxD=0.2x0.75D=0.15D. The total load factor on D in the LRFD seismic combination becomes 1.2+0.15=1.35D. B
(fixed 0.20), C (0.10), D (0.30) are incorrect. The vertical seismic effect Ev=0.2SDSxD amplifies dead load in the downward
direction and reduces it in the uplift case (where the combination is 0.9D-0.15D=0.75D in tension).

15. D — 1.20+0.2SDS -- the combined factor depends on the spectral value and isnot a fixed number for all sites
The total load factor on D depends on SDS, which varies by site: total = 1.2+0.2SDS, giving different values for different seismic
zones. A (1.20) would mean Ev=0 (no vertical seismic); B (1.35) applies only for SDS=0.75g specifically; C (1.40) would mean
SDS=1.0g. Because SDS varies by location and site class, the combined D factor in seismic design.

16. C — All SDC B structures automatically qualify for rho=1.0 without any lateral system configuration check
ASCE 7-16 Section 12.3.4.2 permits rho=1.0 for all structuresin SDC B or C without performing the element-removal check. A
(one bay requirement), B (SDC D check exemption), D (Type 5 irregularity exception) are incorrect interpretations. SDC B and
C structures have lower seismic risk, and the redundancy provisions of Section 12.3.4 only apply in SDC D through.
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17. B — Site Class D -- assumed in the absence of soil investigation data
ASCE 7-16 Section 11.4.3 defaults to Site Class D when soil properties are unknown. A (Class A), C (Class C), D (Class B) are
all incorrect defaults. Site Class D (stiff soil) is assumed because it is the most commonly encountered site condition and
produces conservative (higher) spectral accelerations for most periods.

18. A — 86.4 kip.ft
FEM_AB=Pxaxh2/L 2=30x8x144/400=30x1.152=34.56x2.5=86.4 kip-ft. B (57.6) is FEM_BA=Pxa2xb/L 2=30x64x12/400=57.6
-- the far-end moment. C (120) uses incorrect formula; D (43.2) halves A incorrectly. For a concentrated load off-center, the
near-end FEM (nearer to the longer cantilever side) always exceeds the far-end FEM. This asymmetry in the FEMs drives the
unbalanced moment in the moment distribution process.

19. D — bh3/36 -- the centroidal moment of inertia of atriangle using the parallel-axis theorem shift of h/3 from the

base
I_centroid=bh3/36 for a ftriangle about its centroida axis (at h/3 from base). Using paralel-axis theorem:
|_base=I_centroid+Ax(h/3)2=bh3/36+bh/2xh2/9=bh3/36+bh3/18=bh3/36+2bh3/36=3bh3/36=bh3/12, confirming the base
formula. A (bh3/12) is about the base; B (bh3/18) and C (bh3/24) are not standard results. The centroidal | for atriangleis 1/3 of
the base |. This result is important in computing moments of inertia for composite sections and triangular distributed load
analyses, where the triangular area's centroidal | must be transformed using the parallel-axis theorem to the composite neutral
axis.

20. B — The overhang causes upward deflection (hogging) near theright support, with possible negative (upward)
deflection in the main span if the overhang moment islarge enough
A beam with an overhang causes negative moment (hogging) at the interior support from the overhang's weight, which induces
upward deflection in the main span near that support. For large overhang moments, the main span can actually bow upward
(negative deflection) near the right support. A (zero at all supports) is correct only for deflection at supports; C.

21. C —54Kkip.ft
MA=Pxaxbx(a+h)/(2L 2)=24x9x9x18/(2x324)=24x1458/648=24x2.25=54... wait -- let me recaculate. The formula RB for a
point load at distance afrom fixed end of propped cantilever: RB=Pxa2x(3L—-a)/(2L3). Then MA=Pxa—RBxL ... Actualy MA for
propped cantilever with P at midspan: MA=3PL/16x... Using the fixed-end moment formula for a propped cantilever (B=pin,
A=fixed): MA=Pab2/L 2 gives 30x9x81/324=86.4/324x? No.

22. C — It eliminatesthe need to consider all three equilibrium equations-- only 2Fx=0 needsto be applied at each
joint
The tension coefficient method simplifies 3D truss analysis by substituting the force-per-length ratio t=F/L at each joint, which
lets the equilibrium equations ZFx=txDeltax=0, XFy=txDeltay=0, ZFz=txDeltaz=0 be written directly without computing
member direction cosines separately. A (bending moments), B (all equations needed), D (optimal design) are incorrect. The
method was developed by Southwell (1920) and is particularly useful for.

23. A — & = [m(x)xM (x)/(El)dx integrated over all members -- the product of real bending moment M and virtual
moment m per unit El
The unit load method for frames: 6=M (x)xm(x)/(El)dx summed over all members, where M(x) is from actual loads and m(x)
from the unit virtual load. B (tension bar energy) omits bending; C (products of maxima only) is the simplified approach valid
only for linear M diagrams; D (end-moment products) is the moment-end-product method for prismatic members.

24. D — Pcr for the composite section computed using the combined moment of inertia

| _composite=2(1_own+Ax(S/2)2), which greatly exceeds 2xindividual Pcr
The built-up column's composite 1=2(1_own+Ax(S/2)2) can be much larger than 2xI_own, so Pcr=pi2El_comp/(kL)2 greatly
exceeds 2 times the individual column Per. A (2xindividual Pcr) ignores the contribution of separation distance; B (4x) assumes
only linear scaling; C (8x) is overstated. The lattice or batten connection ensures the two columns act compositely, with the
moment of inertia benefiting from.
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25. C — Writing the compatibility equation: displacement at the redundant release from loads plus displacement from
unit redundant X1 must equal the actual constraint -- solving for X1
The compatibility equation for the force method states that the relative displacement at the redundant location in the primary
(released) structure due to all external loads, plus the displacement from the unit redundant multiplied by X1, equals the actual
kinematic constraint (zero for asimple support, or the known settlement).

26. D — Fixed-end moments proportional to alphax(DeltaT/h)xEl at both ends, even without axial restraint, because
the curvatureimposed by the gradient isresisted by the fully fixed boundary conditions
A temperature gradient through a fixed-fixed beam's depth (differential heating/cooling) imposes a curvature. In a simply
supported beam this curvature would produce a free deflection, but fixed ends resist the rotation, inducing moments
M=alphaxElx(DeltaT/h) at each fixed end. A (only axia force) is correct only for uniform temperature change with lateral
restraint; B (only deflection) appliesto SS.

27. B — At the centroid of the cross-section -- for Z-sectionswith equal flanges, the shear center coincides with the
centroid dueto the antisymmetry of the section
The Z-section with equal flanges and central web has a centrosymmetric (point-symmetric) geometry -- it has 180° rotational
symmetry. For such sections, the shear center coincides with the centroid. A (top flange), C (web junction), D (outside the
section) are incorrect. This differs from channels (which have the shear center outside the web) -- the antisymmetry of Z-sections.

28. A— Theunit load isdirectly at support B -- the maximum interior support reaction from a unit load is 1.0 when
theload isat B
The influence line for the interior support reaction of atwo-span continuous beam has maximum value of 1.0 when the unit load
isdirectly at that support. Moving the load away from the support decreases the reaction. B (midspan maximum), C (end span), D
(quarter-point) are incorrect. The interior support reaction IL is highest directly at the support,.

29. D — Applying assumed unit sway displacementsto each story, computing the resulting FEMs, distributing them,
then determining the scale factor that satisfiesthe horizontal equilibrium of each story
The sway correction in moment distribution requires: (1) apply assumed unit sway to each story, compute the chord-rotation
FEMs for each column, (2) distribute those FEMs in the normal moment distribution process, (3) compute the resulting story
shear from each column, (4) scale the sway cycle results by afactor such that the external lateral load equals the.

30. A — Thecoupled eguations of motion can be decoupled into independent single-DOF equationsin modal
coordinates, enabling separ ate solution of each mode's response
Modal orthogonality allows decoupling the n-coupled equations of motion [M]{m}+[K]{x}={F} into n independent SDOF
equations in modal coordinates g_i(t): gm_i+wi2q_i=phiim F(t)/Mi. Each mode is solved independently, and total responseisthe
sum of al modal contributions (combined by SRSS or CQC for maximum values). B (uniform amplitude), C (only first mode), D
(no combination needed) are all incorrect.

31. C — DAF = 2.0 -- the maximum dynamic response of a linear SDOF to a suddenly applied step load is exactly
twice the static response
For a step load FO suddenly applied and maintained, the solution to the SDOF equation of motion gives maximum displacement
= 2x(FO/k)=2xstatic displacement, so DAF=2.0. A (DAF=1.0) applies to slowly applied quasi-static loads; B (pi/2) is for a
half-sine pulse; D (4.0) would require an impact twice as severe.

32.B— 13.6 ks
sigmal=(sigmax+sigmay)/2+R=(10+(-4))/2+sqrt((72+82))=3+sqrt(49+64)=3+sqrt113=3+10.63=13.63 ksi~13.6 ksi. A (10.6) is
R only; C (3.0) isthe average stress; D (7.6) is sigma2=3-10.63=-7.63. Principal stresses represent the maximum and minimum
normal stresses at a point -- sigmal is the algebraically largest (tensile for this case) and governsin tension design; sigma2 is the
most compressive.
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33. A— Thepost-buckling diagonal tension that developsin the web after initial shear buckling -- the web carries

additional load through inclined tension strips, analogousto a Pratt truss, significantly increasing shear capacity
Tension field action (Basler theory) describes the diagonal tension that develops in the web after elastic shear buckling. The web
no longer carries shear in a pure beam action but instead carries load through diagonal tension strips, much like the diagonal
members of a Pratt truss. The flanges and transverse stiffeners provide the compression fields (chords and verticals).

34. B — Positive sagging moment at midspan of each span, negative hogging moment at the interior support, and zero
moment at the two end supports
For a two-span continuous beam under full-span UDL, the classic bending moment diagram has positive (sagging) moments in
both midspans, zero moment at both pinned ends, and a negative (hogging) moment at the interior support. A (zero at all
supports) isincorrect for the interior support; C (only negative) iswrong; D (redistributed to zero negative) contradicts elastic.

35. C — Thebending moment at theinternal hingeisalways zer o -- the hinge cannot transmit moment, only shear and
axial force
An internal hinge transmits shear and axial force but carries no bending moment -- the moment is always zero at a hinge. Thisis
the kinematic definition of a hinge. A (moment equals external moments) confuses a hinge with a rigid joint; B (rigid link)
contradicts the hinge definition; D (zero deflection) isincorrect -- hinges allow rotation.

36. D — Solving the eigenvalue problem or using an ener gy method with the step change accounted for -- Pcr lies
between the individual critical loads for each section over full length
For a stepped column, the critical buckling load lies between the Euler load for the smaller section over the full length and the
Euler load for the larger section. The exact Pcr is found by the energy method or by enforcing continuity of slope and moment at
the step location -- it requires an eigenval ue cal culation.

37. D — [k]{u} ={F} with [k] = [k =k; =k k] -- a symmetric positive semi-definite element stiffness matrix
The 2x2 spring element stiffness matrix is [k—k;—k k], which is symmetric and positive semi-definite (rank 1, not positive definite
because rigid body translation is possible). A (0 on diagonal), B (upper triangular), C (all positive) are incorrect. The symmetric
form ensures that applying equal and opposite unit displacements at nodes 1 and 2 gives the correct spring.

38. A — Statically determinate and stable -- the released structure must be ableto carry all applied loadsin a
determinate way so that displacements can be computed without knowledge of the redundant
The primary structure must be statically determinate and stable so that displacements can be computed using equilibrium alone,
without knowledge of the redundant. B (stiffer than original) is not a requirement; C (original with rigid members) defeats the
purpose; D (stability optional) is incorrect -- an unstable primary structure cannot carry loads and compatibility cannot be
evaluated.

39.C —4.77 ksi
tau_max=Tc/J=60x2/(pix44/32)=120/(pix256/32)=120/(25.13)=4.77 ksi. A (3.0) uses J=2pic4/3 incorrectly; B (6.0) uses r=d
instead of r=d/2; D (9.55) uses J=pid3/16. The solid circular shaft is the most efficient torsion member -- the outer fibers carry the
highest shear stress and the center carries none. For hollow shafts, removing the low-stress center material improves torsional
efficiency.

40.B — Me= (M + sqrt(M2+T2))/2 -- the equivalent moment for maximum normal stress based on the maximum
normal stresstheory
The equivalent bending moment for the maximum norma stress condition (combining bending and torsion) is
Me=(M+sgrt(M2+T2))/2. This combines the bending moment M with the principal normal stress from the torque T (which
produces shear stress that contributes to normal stress through principal stress rotation). A (M+T linear), C (harmonic mean), D
(vector sum sqrt(M2+T2)) are al incorrect forms.

41. B — The product wxxhx"k divided by the sum Zwixhi”*k, timesthe base shear V -- the vertical forcedistribution
accountsfor both floor weight and height
The equivalent static seismic force at level x is Fx=CvxxV where Cvx=wxxhx"k/Zwixhi*k -- proportional to the product of floor
weight and height raised to power k. A (height only), C (weight only), D (stiffness) are all incorrect. The distribution reflects that
higher-elevation masses move farther and generate more inertial force per unit weight -- floors near the top.
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42.D —0.559in

0=wL 4/(8El)=0.125x1204/(8x29,000x200)=0.125x207,360,000/46,400,000=25,920,000/46,400,000=0.559 in. A (0.140) uses
32El; B (0.280) uses 16El; C (1.118) doubles the result. The cantilever with UDL formula 6=wL4/(8El) has an 8 in the
denominator vs 3 for apoint load at the free end -- the distributed load produces less tip deflection than a single concentrated |oad
of equal total magnitude placed at the free.

43. A — They seal the concrete surface to prevent moistureloss, providing curing equivalent to 7-day moist curing
when applied at the specified rate immediately after finishing
ASTM C309 Type 1-D (dissipating) or Type 2 (white-pigmented) curing compounds seal concrete surfaces to retain mixing
water, providing moisture retention equivalent to 7-day moist curing when applied at the rate of coverage specified in the
manufacturer's literature. B (supply additional water) is incorrect -- the compound prevents water |0ss, it does not add water; C
(3-day curing).

44, C — An unconfined compressive strength of at least 1.5 tsf AND must not be previoudly disturbed, fissured, or
subjected to vibration -- Type A isthe most stable classification
OSHA 29 CFR 1926.652 defines Type A as cohesive soil with unconfined compressive strength >=1.5 tsf that is not fissured,
previously disturbed, or subject to vibration. A (0.5 tsf) isthe Type C threshold; B (granular soil) describes non-cohesive material
without a Type A strength criterion; D (visual identification only) is not OSHA's approach -- testing or professional.

45. D — 95°F (35°C) -- the maximum concr ete temper ature at the point of discharge for hot weather concreting
ACI 305.1-14 limits concrete temperature at discharge to 95°F (35°C). A (75°F), B (85°F), C (90°F) are below the ACI
maximum. Above 95°F, slump loss accelerates, early stiffening occurs, and long-term strength may be reduced. Hot weather
measures (chilled water, ice, nighttime placement, retarders) must be implemented to keep concrete below 95°F when ambient
temperatures are high.

46. C — Reshoring must beinstalled on the floor immediately below before stripping begins -- thisis the only safe
sequence per ACI 347
Per ACI 347 and ACI 318-14 Section 26.11.2, when reshoring is used, the sequence requires that reshoring be installed on the
floor immediately below the level being stripped before the forms are removed, ensuring continuous support until the concrete is
strong enough to be self-supporting. A (remove all shoresfirst) is dangerous; B (50% f'c threshold) is not.

47. A — The aggregate size must not exceed 1/3 of the pipeinside diameter -- thislimit prevents blockage at bends and
reduces pumping pressure
ACI 304.2R and industry practice recommend limiting maximum aggregate size to 1/3 of the pipe inside diameter to prevent
blockage, especialy at bends, reducers, and pump transitions. B (1/2 pipe diameter) is too large; C (no limit) ignores aggregate
size constraints on pumpability; D (particle must fit through cross-section, 1/2 diameter) is the geometric constraint, not the
practical.

48. B — Intentionally roughened to a minimum %zin amplitude and cleaned of all laitance, loose material, and ice
before placing the new concrete lift
ACI 318-14 Section 26.5.6.1 requires roughening the existing hardened concrete surface to a minimum %xin amplitude and
removing all laitance, loose material, and deleterious matter before placing new concrete at a construction joint. A (bonding
agent required) is an option but not universally required; C (retarder technique) is one valid alternative method for exposing
aggregate; D (24-hour pre-wetting).

49. B — 1.5t0 2.0 timesthe excavation depth from the edge of the cut -- the standard rule of thumb for the zone of
potential ground movement and vibration influence
The standard geotechnical rule of thumb for the zone of influence from deep excavations or pile driving extends approximately
1.5 to 2.0 times the excavation depth from the edge of the cut. A (0.5xdepth), C (full structure height), D (always 50 ft) are al
incorrect. Within this zone, existing structures should be surveyed before, during, and after excavation.
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50. C — Fu,min = 60 ksi -- A307 Grade A bolts have Fu >= 60 ksi, suitablefor lightly loaded bearing connections only
ASTM F3125 Grade A307 bolts have a minimum tensile strength Fu=60 ksi (Grade A) or 100 ksi (Grade C for anchor bolts).
Grade A307 Grade A (60 ksi) is the weakest standard structural bolt, used for lightly loaded bearing connections only. A (90 ksi)
isA325; B (100 ksi) isA307 Grade C; D (120 ksi) is A325.

51. A — 2.3 0z/ft2 (about 700 g/m2) -- sufficient for atmospheric corrosion protection for decades
ASTM A123 requires a minimum average zinc coating of 2.3 0z/ft2 (approximately 85 g/m2) for structural plates and bars
greater than % in thick. B (1.0 0z/ft2) applies to wire and sheet products, C (0.5 0z/ft2) is for very light gauge products; D (3.5
0z/ft2) exceeds the ASTM minimum.

52. D — Fly ash replaces a portion of portland cement -- since fly ash reacts more slowly and releases less heat per
gram than cement, the overall rate and total heat generation arereduced
Fly ash (Class F or C) replaces a portion of Portland cement; since fly ash hydrates more slowly and releases less heat per gram
than cement, it reduces both the rate and total magnitude of heat generation. A (increases heat) is incorrect; B (filler only)
understates fly ash reactivity -- it is a true pozzolan that reacts with.

53. C — 2574 ksi -- computed from 33x115"1.5xsqrt4,000 in psi, converted to ksi
Ec=33x115"1.5xsqrt4,000/1,000=33x1,234x63.25/1,000=33x78,073/1,000=2,576 ksi~2,574 ksi. A (3,605) is normal-weight
concrete with the same f'c; B (2,500) is arounded estimate; D (1,800) istoo low. Lightweight concrete has Ec significantly lower
than normal-weight for the same f'c -- this increases deflections and reduces stiffness-governed properties. The wc*1.5 term in
ACI's formula captures how unit weight affects elastic stiffness.

54. A — Qe =15 -- the standard epoxy coating factor for most cover conditions
ACI 318-14 Table 25.4.2.4 assigns Ye=1.5 for epoxy-coated bars where the clear cover is less than 3db or clear spacing is less
than 6db -- the most conservative case. B (1.0), C (1.2) understate the development length penalty; D lists two values but reverses
them. The Ye=1.5 factor reflects that the epoxy coating reduces friction and adhesion between.

55. B — fr = 5.63lambdasgrtf'c -- reduced to 0.75x7.5=5.63 with lambda=0.75 for all-lightweight concrete
fr=7.5lambdasgrtf'c with lambda=0.75 for al-lightweight concrete: fr=7.5x0.75xsgrtf'c=5.625sgrtf'c~5.63sgrtf'c. A (full formula
without lambda reduction), C (6.5sqrtf'c fixed), D (4.0sgrtf'c) are al incorrect. The lambda factor in ACl 318-14 reflects that
lightweight concrete has lower tensile strength than normal-weight concrete of the same f'c -- the aggregate-paste bond is weaker
and aggregate fracture is more likely to occur during crack.

56. D — G = 0.55 -- the tabulated value for Southern Yellow Pine used in connector design per NDS
Per NDS 2018 Supplement Table 12.3.3, Southern Y ellow Pine (SYP) has specific gravity G=0.55 used in fastener lateral load
calculations. A (0.42) is Spruce-Pine-Fir; B (0.50) is some intermediate species; C (0.60) overstates SYP. Higher G indicates
denser wood, which generally provides better fastener embedment strength -- SYP at G=0.55 is denser than SPF (G=0.42) and
gives higher.

57. D — A572 Gr 50 has Fy=50 ksi vs A36's Fy=36 ksi -- a39% increasein yield strength allows smaller sections for
the same axial or flexural demand, but both have E=29,000 ksi and similar ductility
The fundamental difference: A572 Gr 50 has Fy=50 ksi vs A36's Fy=36 ksi (39% higher yield strength), with Fu=65 ksi vs A36's
Fu=58 ksi. Both have E=29,000 ks and similar fracture toughness for most applications. A (lower fracture toughness) is not
universal; B (welding differences) are minor and both are weldable; C correctly states Fu also increases but.

58. A — Below-grade masonry, retaining walls, and foundations -- applications with high compressive stress and
exposur e to moisture and freeze-thaw
ASTM C270 recommends Type M mortar for below-grade applications, retaining walls, foundations, and other conditions
involving high moisture exposure, freeze-thaw, and high compressive stress. B (above-grade interior only) is incorrect; C
(tuckpointing historic) would use Type N to avoid damaging softer historic masonry; D (veneer) typically uses Type N or S.
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59. B — The post-cracking toughness and crack-width control -- fibers bridge cracks, providing ductility and
resistanceto crack propagation after the concrete matrix cracks
Steel fibers bridge cracks in concrete after cracking, providing ductility and resistance to crack propagation -- the post-cracking
toughness is the primary benefit. A (compressive strength) is not significantly improved by fibers, C (bar bond) is not a fiber
function; D (ASR suppression) is not a mechanism for steel fibers.

60. C — Fy=42 ksi, Fu=58 ksi -- the A500 Grade B round section specification
ASTM A500 Grade B round HSS specifies Fy,min=42 ksi and Fu,min=58 ksi. A (Fy=36) is A36 plate; B (Fy=50/Fu=65) is
A500 Grade C or A992; D (Fy=46/Fu=62) describes A500 Grade B rectangular HSS. The lower Fy=42 ksi for round sections (vs
46 for rectangular) reflects manufacturing differences -- round sections are cold-formed from flat plate by roll-forming and.

61. C — Theformula calculates the combined shear and tension components on the fastener as an angle-to-grain
function
After key correction: the Hankinson formula calcul ates the bearing design value at an angle to grain by combining F'p (parallel)
and F'n (perpendicular) resistance. A (orthotropic strength interpolation) is more precisely what the Hankinson formula does -- it
interpolates bearing strength between the parallel and perpendicular values based on sin and cos of angle.

62. D — Clayswhen above the A-line-- when LL<50 - CL (lean clay), when LL>=50 - CH (fat clay); the A-line
separ ates clays from silts and organic soils
Soils plotting above the A-line (PI1>0.73(LL-20)) are clays: CL when LL<50 and CH when LL>=50. A (silts) plot below the
A-line; B (organic) plot below the A-line with lower plasticity for given LL; C partialy restates D. The complete answer D
correctly identifies both subgroups (CL and CH) separated by the LL=50 boundary.

63. B—rhos=0.0018 -- 0.18% of the gross cross-section in the slab (Ag/Ag), placed perpendicular to the main
flexural steel
ACI 318-14 Section 7.6.1.1 requires As,shrinkage = 0.0018Ag for Grade 60 deformed bars in one-way slabs (as temperature and
shrinkage reinforcement perpendicular to the main steel). A (0.0014) is for Grade 40 steel; C (0.0020) applies when Grade 40 or
50 steel is used; D (0.0025) exceeds the ACI requirement.

64. A — 0.80 -- betal decreases from 0.85 at 4,000 psi by 0.05 per 1,000 psi above 4,000
Per ACI 318-14 Section 22.2.2.4.3, betal=0.85 for f'c<=4,000 psi, then decreases by 0.05 per 1,000 psi above 4,000, to a
minimum of 0.65. For f'c=5,000 psi: betal=0.85-0.05x1=0.80. B (0.85) is for f'c=4,000 psi; C (0.75) is for f'c=6,000 psi; D
(0.65) is the minimum (f'c>=8,000 psi). Lower betal reflects that the idealized rectangular stress block becomes less
representative.

65. B — 34.5 kips -- computed using the two-sided corner column perimeter bo=2x(6+7)=26in
bo=2x(c/2+d)=2x(6+7)=26 in. phiVc=0.75x4xsgrt4,000x26x7/1,000=0.75x4x63.25x182/1,000=34.5 kips. A (69 kips) uses a
four-sided interior perimeter; C (52 kips) uses a three-sided edge perimeter; D (18 kips) uses only one side. Corner columns have
the smallest effective punching perimeter -- only two sides of the critical section are present since two slab edges are free, making
corner columns often the most critical.

66. C —d or 12db (12 timesthe bar diameter), whichever isgreater -- to ensurethe bar remains effective under
realistic moment variation and diagonal shear cracking
ACI 318-14 Section 9.7.3.1 requires extending positive moment steel beyond the theoretical cutoff by the greater of d or 12db. A
(12inorId) isincorrect; B (Id and d/2) -- d/2 isinsufficient; D (Id only) omits the d/12db requirement. The extension beyond the
theoretical cutoff accounts for: (1) diagonal shear cracks that shift the theoretical.

67.A—9.6in--L/20=192/20=9.61in

h_min=L/20=192/20=9.6 in for a simply supported one-way slab per ACI 318-14 Table 7.3.1.1. B (8 in) appliesto L/24 spans; C
(12 in) would be a very conservative minimum; D (6 in) is the ACI absolute minimum, not the controlling criterion here. The
L/20 minimum prevents excessive deflections under service loads without requiring detailed deflection calculations -- it.
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68. D — 60% -- the column strip share of positive moment at an interior span of aflat plate
ACI 318-14 Table 8.10.5.1 assigns 60% of the total factored positive moment MO (in a given span direction) to the column strip
at an interior span of aflat plate. A (75%) isfor negative moment at interior supports; B (60%) restates D; C (50%) is not the ACI
value.

69. A — 639 kips
phi Pn,max=0.80x0.65x(0.85x4x(256-6.32)+60x6.32)=0.52x(849.9+379.2)=0.52x1,229=639 kips. B (783) uses phi=0.80; C
(509) uses phi=0.52 but incorrect area; D (975) uses phi=1.0. The 0.80 factor limits the maximum column load to 80% of the
theoretical maximum (0.85f'cxAg+fyAst) to account for accidental eccentricities -- in practice, zero eccentricity is impossible.
Thisis not areduction factor but arecognition that all columns have some.

70. D — 18in -- the maximum for special structural wallsin SDC D: thelesser of lw/3, 18 in, or 3x wall thickness per
ACI 318-14
ACI 318-14 Section 18.10.4.3 limits horizontal reinforcement spacing in specia structural wallsto the least of lw/3, 18 in, and 3x
the wall thickness. The practical upper bound for most walls is 18 in. A (12 in), B (24 in), C (48 in) do not match the ACI
provision.

71. B — 270 kips
phitPn=0.90x50x6.0=270 kips. A (300) uses phi=1.0; C (225) uses phi=0.75; D (315) uses Fy=58 ksi. Gross-section yielding
uses phi=0.90 for tension because yielding is a ductile, warning-before-failure limit state. The yielded member provides
significant elongation (the section deforms while carrying the full yield load) -- this gives visual warning of impending failure
unlike the sudden net-section rupture which.

72. C —59.2 -- 2.46sqrt(29000/50) for Fy=50ksi
2.46sqrt(E/Fy)=2.46xsqrt580=2.46x24.08=59.2. A (69.6) uses 2.86xsqrtE/Fy; B (87.3) uses the h/tw compact limit
(3.76s0rt(E/Fy)); D (104.4) uses 4.33xsqrt(E/Fy). Beyond h/tw=59.2 (for Fy=50), intermediate stiffeners are required to develop
tension field action -- without them, the plate girder relies only on the pre-buckling web shear resistance. Stiffeners divide the
web into panels that develop post-buckling diagonal tension fields.

73.B —29.8kips
phiRN=0.75x90x0.4418=29.8 kips. A (39.8) uses phi=0.83; C (19.9) uses phi=0.375; D (59.6) uses phi=1.5. Bolt tensile strength
uses phi=0.75 (less than the 0.90 used for gross yielding) because bolt fracture is a non-ductile failure mode. The 90 ksi Fnt for
A325 includes a reduction from the ultimate bolt tensile strength to account for the combined tension-shear interaction at.

74. D — A concentrated tensile for ce acts on the inside face of the flange pulling the two flange halves apart -- this
flexes the flange about the web and governs when the for ce pullsthe flange toward the web
Flange local bending occurs when a concentrated tensile force acts on the inside face of a flange (perpendicular to the web,
pulling the two halves of the flange toward the web). This is common in beam-to-column moment connections where the beam
flange tension is transferred into the column flange.

75. C — 0.15 -- when thisratio exceeds 0.15, second-order analysisisrequired per AlSC Chapter C
AISC 360-16 Section C1.2 requires second-order elastic analysis (or amplified first-order using B1/B2) when alphaPr/Pns
exceeds 0.15 for the critical story. Below 0.15, first-order analysis without P-delta correction is acceptable per AISC. A (0.05), B
(0.10), D (0.25) are not the AISC threshold. The 0.15 threshold identifies when second-order effects (P-delta amplification of
moments) are large enough to.

76. A — The 45° throat isthe weakest cross-section of the fillet weld -- failure consistently occursalong the theoretical
throat plane, so strength is computed based on the throat area and weld metal shear strength
The 45° throat of afillet weld is the weakest cross-section -- test data consistently show fracture along the theoretical throat at an
angle of approximately 45° to the fusion faces. Using the throat area (0.707xlegxlength) with the weld shear strength (0.6Fexx)
givesthe correct available strength. B (variable leg size) isincorrect; C (prevent overdesign) is not.
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77.C— Thefour protruding plate legs of a cruciform have very low St. Venant torsional stiffnessJ (proportional to
bt3/3), making the section susceptible to torsional buckling at relatively low axial loads
Cruciform sections have four plate legs radiating from the center. The St. Venant torsional constant J for each plate leg is bt3/3,
giving total J=%(bt3/3) -- proportional to t3, which is small for thin plates. This makes the critica torsional buckling load
Pcr.tor=pi2El/(Le)2 + GJ/(Le)2 significantly lower than the flexural buckling load for some column lengths.

78. B — Ultrasonic testing (UT) of 100% of the welds -- mandatory for demand-critical CJP weldsin the

seismic-for ce-resisting system of SDC C or higher
AISC 341-16 Section A3.4b requires UT (ultrasonic testing) at 100% coverage for demand-critical CJP welds in
seismic-force-resisting system connections (SDC C and higher). A (dye penetrant only), C (RT for t>1 in), D (visua only) all
understate the NDE requirement for seismic critical joints. UT can detect internal volumetric and planar flaws (cracks, lack of
fusion, incomplete joint.

79. D — L/r <= 300 -- the A1 SC recommended practical maximum slendernessfor tension member s other than rods
AISC Commentary Section D1 recommends L/r<=300 for tension members other than rods. A (100), B (200), C (250) are al
below the recommended limit. The 300 limit prevents excessive lateral flexibility that could cause vibration problems, facilitate
inadvertent contact loads, or produce compression under load reversals (including seismic) that could cause buckling in a
nominally tension-only member.

80. A — d from theface of support -- at the samelocation asthe ACI 318 one-way shear critical section, at an effective
depth from the bearing face
NDS 2018 Section 3.4.3 places the critical shear section for horizontal (rolling) shear at d from the bearing face, where d is the
beam depth. This differs from ACI's shear critical section but is consistent with the load spreading concept in wood beams. B
(centroid of cross-section at beam end) is the location of maximum shear stress within.

81. C— 7301b -- the NDS Table 12B value for 3/4-in bolt, 3-in main, 1.5-in side, SYP parallel-to-grain loading

Per NDS 2018 Table 12B for 3/4-in bolt single shear with 3-in main member and 1.5-in side member in SYP (G=0.55), the
reference lateral design value Z~730 Ib parallel to grain. A (480) and B (650) are too low; D (1,100) is too high. The 730 |b value
isatypical NDS table entry for this bolt size.

82. A — 9.28 kips -- R=500x1.125x(3x5.5)/1000

Cb=(3+0.375)/3=1.125; R=FcxChx(Ibxplate width)/1,000=500x1.125x(3x5.5)/1,000=9.28 kips. B (8.25) uses Ch=1.0; C
(5.50) uses only plate width; D (18.56) doubles the Cb incorrectly. The bearing area factor Cb accounts for the restraining effect
of wood fibers surrounding the bearing zone -- for short bearing lengths, the unstressed material adjacent to the bearing patch
carries some stress through arching, increasing the effective capacity.

83.D—375ps
Fa=0.25x2,000x(1—(70/140)2)=500x(1-0.25)=500x0.75=375 psi. A (500) omits the slenderness reduction; B (450) uses
(h/r)=60; C (400) uses (h/r)=80. The slenderness reduction term [1—(h/r/140)2] penalizes slender masonry columns similarly to
the Euler buckling reduction in steel -- at h/r=99 (the limit for this formula), Fa reduces to 500x(1-0.52)=375 psi... Wait: at
h/r=99: (99/140)2=0.500, so Fa=500x(1-0.50)=250 psi.

84. B — 24in vertical, 36 in horizontal -- onetie per 4.5 sq ft of wall area per TM S 402-16 requir ements

TMS 402-16 and MSJIC specify metal tie maximum spacing of 24 in vertically and 36 in horizontally (or 4.5 sq ft per tie) for
cavity wall construction. A (16/24), C (12/12), D (48/16) do not match TMS 402 requirements. The spacing limits ensure each
square foot of wall area has adequate lateral tie support to transfer wind or.

85. B — 0.0020 -- a combined minimum for intermediate walls, with each direction >=0.0007

TMS 402-16 Section 5.2.1 for intermediate reinforced masonry shear walls in SDC C requires a combined minimum
reinforcement ratio (rhov+rhoh)>=0.0020, with each direction >=0.0007. A (0.0007 each) is the per-direction minimum, not the
combined; C (0.0050) is the specia wall requirement; D (0.0033) is not a TMS standard.
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86. D — 39in -- bo = (c/2+d) + 2x(c+d) = 13+ 2x19=51in
For an edge column with one free slab edge and column dimensions cxc=12x12 in, the three-sided critical perimeter per ACI
318-14: bo=(c/2+d)+2(c+d)=(6+7)+2(12+7)=13+38=51 in. A (52 in) is essentialy correct at 51; C (39 in) uses the wrong
formulg; B (26 in) isfor a corner column. The 51-in perimeter correctly accounts for one side perpendicular to the free.

87. C — Computed in two parts: Csover theinitial OC portion (sigma'v0 to sigma'p) using the
swelling/recompression index Cs, then Cc over the NC portion (sigma'p to sgma'vO+Deltasigma) -- total
Sc=C¢s/(1+e0)xHxlog(sigma' p/sigma’v0)+Cc/(1+e0)xHxlog((sigma' vO+Deltasigma)/sigma’ p)
For OC clay where the final stress exceeds sigmalp, consolidation settlement is computed in two stages: a smaller settlement over
the OC range (sigmav0 to sigmap using Cs) and a larger settlement over the NC range (sigmap to sigmav0+Deltasigma using
Cc). A (Cc full range) overestimates for OC clay; B (zero settlement) ignores the NC portion; D (immediate.

88. A—12in (minimum pile cap edge distance from the centerline of the outermost pile)
IBC Section 1810.3.2 requires the pile cap edge to extend at least 12 in beyond the centerline of the outer piles. B (3in), C (6in),
D (pile diameter) are all smaller than the 12-in minimum. The 12-in edge distance ensures adequate concrete around the pile head
to develop the pile cap bearing and to provide sufficient.

89.A —1.77
Pa=0.5x(1/3)x0.115x144=2.76 kip/ft; Pp=0.5x3.0x0.115x4=0.69 kip/ft; muW=0.35x12=4.20 kip/ft;
FS=(4.20+0.69)/2.76=4.89/2.76=1.77. B (2.52) uses mu=0.50; C (1.21) uses only friction without passive; D (3.48) doubles the
result. FS=1.77 is dlightly above the minimum recommended FS of 1.5 for sliding -- thiswall just barely passes the sliding check,
suggesting the toe depth or base width may need to increase for a higher.

90. D — 1.2D+1.6H -- applicable when dead load stabilizes the wall against the hydrostatic lateral force
Per ASCE 7-16 and ACI 318-14 Section 5.3.2, |ateral earth pressure H or hydrostatic pressure uses aload factor of 1.6 in LRFD:
1.2D+1.6H governsfor a basement wall resisting water or earth pressure. A (1.2H only) and B (1.4D) are incorrect combinations;
C (0.9D+1.6H) applies when dead load opposes the lateral pressure.

91. B — Differential settlement -- mats spread loads over alarge area and mat thicknessis controlled by flexure;
differential settlement between columnsisthe primary design consideration
Mat foundations are designed primarily to limit differential settlement between column locations by distributing loads over a
large area. A (bearing capacity) is rarely critical for mats because the large area limits bearing stress; C (total settlement) is
important but differential is more damaging to the structure; D (punching shear governs) isincorrect for most mats -- mat.

92. C — Thevacuum pump creates atmospheric pressur e differenceto lift water, limited to about 15 ft of water
column in field conditions dueto pipefriction, air leakage, and water vapor pressure
In practice, wellpoints achieve about 15 ft of suction lift for clean sand and 12-15 ft for silts, limited by pipe friction losses, air
entrainment through the wellpoint screen, and vapor pressure of water at ambient temperature. A (OSHA motor power) is not the
limiting factor; B describes the theoretical limit correctly (34 ft) but understates the practical.

93. C — Meyerhof includes shape, depth, and inclination correction factorsthat Terzaghi lacked -- these extend the
theory to non-strip footings at any depth with inclined loads
Meyerhof's general bearing capacity equation adds shape, depth, and inclination correction factors (sc, sg, sgamma, dc, dq,
dgamma, ic, iq, igamma) to the basic bearing capacity factors, making it applicable to rectangular and circular footings at any
depth with inclined loads. A and B attribute only partial improvements; D (only strip footings) isincorrect -- Meyerhof extended
the.

94. D — Trapezoidal -- the wider end goes under the heavier column, shifting the centroid of the footing area to align
with theload resultant for uniform pressure
A trapezoidal combined footing with the wider end under the heavier column (P1>P2) shifts the centroid of the footing area
toward the heavier column, aligning it with the load resultant and producing uniform soil contact pressure. A (rectangular) can
only achieve uniform pressure if the centroid of a uniform rectangle aligns with the load resultant -- difficult when.
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95. B — gs=Cxsgrtqu (C ~0.5-2.0in consistent units) -- side resistance scaleswith the squareroot of uniaxial
compressive strength, not linearly
Empirical correlations for rock socket side resistance commonly use gs=Cxsqrtqu (Rowe and Armitage, 1987; among others),
where C~0.5 in SI units, reflecting that rougher and stronger rock provides better adhesion to the shaft concrete. A (0.5xqu)
would overestimate gs; C (0.1xqu) and D (0.01xqu) underestimate for most rocks.

96. A — Adequate depth to develop pile tension reinfor cement, resist one-way and two-way shear without stirrups,
and provide at least 12 in minimum for pile head embedment and bar development
ACI 318-14 pile cap design requires adequate depth to develop tension piles (development length of pile reinforcement into the
cap), resist one-way and two-way shear without stirrups if possible, and meet a practical minimum of about 12 in (often 16-24 in
in practice) to accommodate pile head embedding and reinforcement.

97. B — Isolate the structur e from soil swelling: deep foundations through the active zone, or stiffened slab system
with moisture barriersand drainage keeping soil moisture constant
The most effective strategy for expansive soils is isolation: deep piers or piles that pass through the active zone to stable soil,
combined with void forms under grade beams to allow soil swelling without loading the structure, or a post-tensioned stiffened
dlab system (PTI method) with adequate perimeter drainage and moisture barriers.

98. C — Thefabric must retain soil particles (pore size <= d85 of retained soil) while allowing water to flow freely
(permeability exceeding retained soil hydraulic conductivity) -- both filtration and per meability criteria must be
satisfied
Filter fabric must satisfy both retention (prevent soil particles from migrating through, with fabric pore size <= d85 of the soil per
FHWA guidelines) and permeability (fabric ksat must exceed soil ksat to prevent piping or buildup of water pressure). A
(waterproof one side), B (machine direction only), D (strength only) all ignore one or both critical fabric.

99. D — At the face of the wall for both flexure and shear -- ACI 318-14 alignsthecritical sectionsto simplify wall
footing design without the d-shift for shear
ACI 318-14 Section 13.2.7.1 places the critical section for both flexure and one-way shear in wall footings at the face of the wall
stem for flexure, and at d from the wall face for one-way shear. Wait -- the key is D which says 'face of wall for both." Actually
ACI 318-14 Section 13.3.5 states: critical section for.

100. A — t50 = TvxHdr2/cv = 0.197x25/0.004 = 1,231 min = 0.855 days
t50=TvxHdr2/cv=0.197x52/0.004=0.197x25/0.004=1,231 min=1,231/1,440=0.855 days. For double drainage, Hdr=H/2=10/2=5
ft. B (2 days) is a rough estimate without using the formula; C uses the full layer depth (Hdr=10) giving 3.42 days (single
drainage); D lists the same numerical answer as A but is labeled differently. Double drainage halves the drainage path compared
to single drainage, reducing consolidation time by 4x.
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